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 
7HPSpUDWXUHGHIXVLRQ&   
'XUHWp9LFNHUV*3D   
0RGXOHG¶<RXQJ*3D   







+12 DLQVL TXH SDU UDSSRUW DX[ PpODQJHV G¶DFLGHV +62  +32 (Q UHYDQFKH OH
PpODQJH FRXSODQW GH O¶DFLGH VXOIXULTXH HW GH O¶DFLGH SKRVSKRULTXH SHUPHW XQH GLVVROXWLRQ
FRPSOqWHGHVFDUEXUHVGXJURXSH,9E>@
3DUDOOqOHPHQW SORQJpV GDQV XQH VROXWLRQ EDVLTXH GH 0XUDNDPL PpODQJH GH
.2+.)H&1 OHV PRQROLWKHV GH FDUEXUHV SHXYHQW rWUH DWWDTXpV HQ VXUIDFH DILQ GH









>@ SXLV LO HVW GpVRUPDLV DGPLV TXH FHWWH YDOHXU HVW SURFKH GH  c >±@ 'H IDoRQ
DQDORJXHODYDOHXUGXSDUDPqWUHGHPDLOOHGH=U&IXWWRXWG¶DERUGDSSUR[LPpHDX[DOHQWRXUV
GH  c >@ SXLV UDPHQpH SDU OD VXLWH j  c >@ (QILQ OH FDUEXUH G¶KDIQLXP
SRVVqGHXQSDUDPqWUHGHPDLOOHSURFKHGHc>@
/HVGRQQpHVGHODOLWWpUDWXUHPHWWHQWHQDYDQWXQHpWURLWHFRUUpODWLRQHQWUHO¶pYROXWLRQ
GXSDUDPqWUHGHPDLOOHGHVFDUEXUHVGXJURXSH ,9EHW OHXUV WHQHXUV UHVSHFWLYHVHQFDUERQH
/HVYDOHXUVGHSDUDPqWUHVGHPDLOOHGHVFDUEXUHVGHWLWDQHGH]LUFRQLXPHWG¶KDIQLXPREWHQXV
SDU GLIIUDFWLRQ GHV UD\RQV ; HQ IRQFWLRQ GX UDSSRUW FDUERQHPpWDO VRQW UHVSHFWLYHPHQW
FRPSLOpHVVXUOHV)LJXUH
,OHVWjQRWHUTXHODYDOHXUGXSDUDPqWUHGHPDLOOHGHFKDTXHFDUEXUHDXJPHQWHDYHFOD










'DQV OD OLWWpUDWXUH GHX[ WKpRULHV RQW pWp SURSRVpHV DILQ GH GpFULUH FHWWH WHQGDQFH
6DPVRQRY >@ MXVWLILH FHWWH DOOXUH SDU OH FDUDFWqUH GHV OLDLVRQV FKLPLTXHV DX VHLQ GHV
FDUEXUHV&HV GHUQLHUV SRVVqGHQW QRQ VHXOHPHQW XQ FDUDFWqUHPpWDOOLTXH SDU OD SUpVHQFH GH
OLDLVRQV0pWDO0pWDOPDLVpJDOHPHQWXQFDUDFWqUHFRYDOHQWOLpjODSUpVHQFHGHOLDLVRQV0pWDO
&DUERQH/DFRQWUDFWLRQGXSDUDPqWUHGHPDLOOHGHVFDUEXUHVSRXUXQUDSSRUW&DUERQH0pWDO




HQ FDUERQH &H W\SH G¶RUJDQLVDWLRQ VRXV OD IRUPH GH FOXVWHUV LQGXLUDLW XQH GLPLQXWLRQ GX



















































3DU DLOOHXUV SOXVLHXUV IRUPHV VWUXFWXUDOHV QRQ VW°FKLRPpWULTXHV SUpVHQWDQW XQ RUGUH
ODFXQDLUHRQWpWpPHQWLRQQpHVGDQVODOLWWpUDWXUH&HVSKDVHVRQWSDUIRLVpWpGpWHUPLQpHVSDU
VLPXODWLRQGH0RQWH&DUORPDLV pJDOHPHQWREVHUYpHV H[SpULPHQWDOHPHQW/D IRUPH ODSOXV




















































































>±@ /D SKDVH KDXWH WHPSpUDWXUH RUGRQQpH DGRSWH XQH VWUXFWXUH FXELTXH GH JURXSH
G¶HVSDFH)GPSRXYDQWrWUHGpFULWHFRPPHXQHVpTXHQFHGHSODQG¶DWRPHVGHFDUERQH
SUpVHQWDQWDOWHUQDWLYHPHQWXQWDX[G¶RFFXSDWLRQpJDOjóHWô$&FHWWHSKDVHpYROXH
YHUV XQH VWUXFWXUH WULJRQDOH GH JURXSH G¶HVSDFH 5P 'H SOXV 7L& HW 7L& VRQW GHX[
DXWUHVIRUPHVRUGRQQpHVFRXUDPPHQWPHQWLRQQpHV>±@
'DQVOHFDVGHVFDUEXUHVGH]LUFRQLXPHWGHIDoRQDQDORJXHOHVVWUXFWXUHV=U&=U&
HW =U& VRQW GpFULWHV FRPPH GHV SKDVHV RUGRQQpHV GpULYDQW G¶XQH WUDQVIRUPDWLRQ
K\SRWKpWLTXHGpVRUGUHRUGUHGXFDUEXUHGH]LUFRQLXP>@
&RQFHUQDQW OHV FDUEXUHV G¶KDIQLXP VHXOHV OHV SKDVHV RUGRQQpHV VRXV
VW°FKLRPpWULTXHV+I&HW+I&VRQWPHQWLRQQpHVGDQVODOLWWpUDWXUH>@(QUHYDQFKHOD
SKDVHRUGRQQpH+I&+I&Q¶HVWSDVGpFULWHFRPPHGDQVOHFDVGHVV\VWqPHVPHWWDQWHQ
MHX OH FDUEXUH GH WLWDQH HW FHOXL GH ]LUFRQLXP (Q HIIHW OD VRXVVW°FKLRPpWULH HQ FDUERQH
DGPLVHSDU*XVHY+I&GDQVODVWUXFWXUHGXFDUEXUHG¶KDIQLXPQHSHUPHWSDVGHVWDELOLVHU





/¶HPSLOHPHQW FXELTXH j IDFHV FHQWUpHV GHV FDUEXUHV GX JURXSH ,9E DXWRULVH
O¶LQFRUSRUDWLRQ G¶DWRPHV G¶R[\JqQH U2    c GDQV OH UpVHDX ODFXQDLUH GX FDUEXUH RX
HQFRUH OHXU VXEVWLWXWLRQ DX[ DWRPHV GH FDUERQH SUpVHQWV LQLWLDOHPHQW GDQV OD VWUXFWXUH
U& c(QFRQVHUYDQW ODV\PpWULHFXELTXHDLQVLTXH OHJURXSHG¶HVSDFH)PP>@
FHV SKDVHV GH W\SH 0H&[2\ RX 0H&[2[ VRQW DSSHOpHV R[\FDUEXUHV GHV PpWDX[ GH
WUDQVLWLRQ
(Q PHVXUDQW OHV SURSULpWpV WKHUPLTXHV HW pOHFWULTXHV G¶R[\FDUEXUHV GH WLWDQH GH
FRPSRVLWLRQV YDULDEOHV ,YDQRY HW DO >@ PLUHQW HQ pYLGHQFH O¶LQIOXHQFH GH OD TXDQWLWp






SURSRVH XQH VW°FKLRPpWULH SUpFLVH 7L&2 GH O¶R[\FDUEXUH GH WLWDQH UpVXOWDQW GH OD
UpDFWLRQHQWUHO¶R[\GHGHWLWDQH7L2HWGXFDUERQHVRXVXQHSUHVVLRQSDUWLHOOHGHPRQR[\GH
GHFDUERQHGH7RUU3OXVUpFHPPHQW7ULVWDQWHWDO>@HW0DvWUHHWDO>@RQWSURSRVp
OD IRUPXOH 7L2& 7L&2 SRXU FH FRPSRVp GpILQL 3OXVLHXUV DXWUHV FRPSRVLWLRQV
7L&27L&27L&2VRQWPHQWLRQQpHVGDQVODOLWWpUDWXUHQRWDPPHQWVXLWHDX[
WUDYDX[GH%HUJHUHWDO>@DLQVLTXHFHX[G¶$ILUHWDO>@3DUDLOOHXUV1LVKLPXUDHWDO
>@ RQW PLV HQ pYLGHQFH XQH ODUJH YDULpWp GH FRPSRVLWLRQV G¶R[\FDUEXUHV GH WLWDQH HQ
GpPRQWUDQW TXH OD VROXWLRQ VROLGH pWDLW FRPSOqWH HQWUH OHV GHX[ FRPSRVpV LVRVWUXFWXUDX[
7L2HW7L&(QPHVXUDQW OHSDUDPqWUHGHPDLOOHGH FHVGLIIpUHQWHVSKDVHVR[\FDUEXUHV FHV
DXWHXUVRQWpWDEOLXQDEDTXH UHSUpVHQWDQW O¶pYROXWLRQGHFHOXLFL HQ IRQFWLRQGH ODPDVVHGH
FDUERQH HW G¶R[\JqQH DX VHLQ GH FHV FRPSRVpV &HWWH LGpH HVW pJDOHPHQW UHSULVH GDQV OD
OLWWpUDWXUHSDU1HXPDQQHWDO >@6L ODQRWLRQG¶R[\FDUEXUHGH WLWDQHQ¶HVWSDVFODLUHPHQW
pWDEOLH SDU FHV DXWHXUV LOV PHWWHQW HQ pYLGHQFH XQH pYROXWLRQ GX SDUDPqWUH GH PDLOOH GH
O¶R[\FDUEXUHGH WLWDQHHQIRQFWLRQGHV WDX[UHVSHFWLIVGH7L&HWGH7L2FRQWHQXVGDQV OHXUV
pFKDQWLOORQV7RXWHIRLVODGLVSDULWpGHVUpVXOWDWVHQWUHOHVpWXGHVGH1LVKLPXUDHWDO>@HWGH
1HXPDQQHWDO >@ ODLVVH VXSSRVHUTXH ODGpWHUPLQDWLRQGHVSDUDPqWUHVGHPDLOOH UHTXLHUW
XQH PpWKRORJLH SUpFLVH HW TXH OD GpWHUPLQDWLRQ GHV FRPSRVLWLRQV FKLPLTXHV GHV SKDVHV
R[\FDUEXUHVHVWFRPSOH[H
'HODPrPHPDQLqUHTXHSRXUOHFDUEXUHGHWLWDQHLOHVWSRVVLEOHG¶LQVpUHUGHVDWRPHV
G¶R[\JqQH DX VHLQ GH OD VWUXFWXUH FULVWDOOLQH GX FDUEXUH GH ]LUFRQLXP /HV UpVXOWDWV GH
2XHQVDQJDHWDO >@*HQGUH HWDO >@ HW%DUQLHU HWDO >@PHQWLRQQHQW UHVSHFWLYHPHQW
GDQV OD OLWWpUDWXUH WURLV VW°FKLRPpWULHV GLIIpUHQWHV DVVRFLpHV j OD OLPLWH GH VROXELOLWp GH
O¶R[\JqQHDXVHLQGHODVWUXFWXUHGXFDUEXUHGH]LUFRQLXP7DEOHDX,OHVWjQRWHUTXHOHV
WHPSpUDWXUHV GH WUDLWHPHQW WKHUPLTXH GH FKDFXQ GH FHV WUDYDX[ GLIIqUHQW HW LQIOXHQW
SRWHQWLHOOHPHQW VXU OH WDX[ G¶R[\JqQH SRXYDQW rWUH LQVpUp GDQV OD VWUXFWXUH 3DU DLOOHXUV
&RQVWDQWHWDO >@RQWpWDEOLXQDEDTXHUHSUpVHQWDQW O¶pYROXWLRQGXSDUDPqWUHGHPDLOOHGH
O¶R[\FDUEXUH GH ]LUFRQLXP HQ IRQFWLRQ GX SRXUFHQWDJH GH =U& HW G¶XQ FRPSRVp ILFWLI =U2
FRQWHQXVGDQVOHXUVpFKDQWLOORQV
3OXV UpFHPPHQW +X HW DO >@ HIIHFWXqUHQW GLIIpUHQWV WUDLWHPHQWV WKHUPLTXHV VRXV

















OLWWpUDWXUH /HV OLPLWHV GH VROXELOLWp GH O¶R[\JqQH DX VHLQ GX UpVHDX FULVWDOOLQ IRQW HQFRUH
O¶REMHWGHFRQWURYHUVHVHWVHPEOHQWGpSHQGUHGHVFRQGLWLRQVGHV\QWKqVH(QHIIHWTXHOTXHV
WUDYDX[>±@SUpFLVHQW O¶H[LVWHQFHG¶XQHSKDVHR[\FDUEXUH+I&[2\VDQV MDPDLV UpXVVLUj
TXDQWLILHU SUpFLVpPHQW OHV WHQHXUV UHVSHFWLYHV HQ FDUERQH HW HQ R[\JqQH 'H SOXV OHV
FRQFOXVLRQV UHWHQXHV FRQFHUQDQW OH FDUEXUH G¶KDIQLXP GpFRXOHQW OH SOXV VRXYHQW GH
FRPSDUDLVRQV HIIHFWXpHV DYHF OH FDUEXUH GH ]LUFRQLXP 7RXWHIRLV =KHODQNLQ HW DO >@
PHQWLRQQHQWXQHVW°FKLRPpWULHFRUUHVSRQGDQWjODTXDQWLWpPD[LPDOHGHFDUERQHSRXYDQWrWUH
LQVpUp GDQV OH UpVHDX GH O¶R[\FDUEXUH SURFKH GH +I&2 ,OV VXSSRVHQW pJDOHPHQW TXH
FHWWH FRPSRVLWLRQ UHVWH IL[H GDQV XQH JDPPH GH WHPSpUDWXUHV FRPSULVH HQWUH & HW
&VRXVGLIIpUHQWHVSUHVVLRQVGHPRQR[\GHGHFDUERQH(QUHYDQFKH.RUQLORYHWDO>@
WHQWqUHQW GH TXDQWLILHU SDU PHVXUHV FDORULPpWULTXHV OHV HQWKDOSLHV GH IRUPDWLRQ
G¶R[\FDUEXUHVGRQW OHV WDX[ UHVSHFWLIVGHFDUERQHHWG¶R[\JqQHYDULDLHQW/HVFRQGLWLRQVGH
V\QWKqVH HW OHV WHPSpUDWXUHV GH WUDLWHPHQW WKHUPLTXH SHUPHWWDQW G¶REWHQLU FHV GLIIpUHQWHV
VW°FKLRPpWULHV ODLVVHQW VXSSRVHU TXH OD OLPLWH GH VROXELOLWp GH O¶R[\JqQH HVW OLpH j OD




DEDLVVHPHQW GX SDUDPqWUH GH PDLOOH OLp DX IDLW TXH OH UD\RQ DWRPLTXH GH O¶R[\JqQH HVW
LQIpULHXUjFHOXLGXFDUERQH7RXWHIRLV ODQRWLRQGHSKDVHR[\FDUEXUHQ¶HVWSDVPHQWLRQQpH








GHVPpWDX[ GH WUDQVLWLRQ GX JURXSH ,9E GpSHQG GRQF QRQ VHXOHPHQW GX V\VWqPH FRQVLGpUp
PDLVpJDOHPHQWGH OD WHPSpUDWXUHj ODTXHOOHHVWSRUWp OHPDWpULDX&HSHQGDQW$FKRXUHWDO
>@RQWQRWpTXHFHWWHLQFRUSRUDWLRQQHSHUPHWWDLWSDVXQHVDWXUDWLRQFRPSOqWHHQFDUERQHHW
HQR[\JqQHGXUpVHDXGHO¶R[\FDUEXUH(QHIIHWVHORQFHVDXWHXUVOHVODFXQHVGRQWODWHQHXU




7RXW G¶DERUG GpFULW SDU 9HJDUG HQ  OD YDULpWp UXWLOH SUpVHQWH XQH VWUXFWXUH
WpWUDJRQDOHGHJURXSHG¶HVSDFH3PQP)LJXUH/HVSDUDPqWUHVGHPDLOOHSUpDODEOHPHQW
pWDEOLV RQW pWp SOXV UpFHPPHQW DIILQpV SDU +RZDUG HW DO >@ SDU GLIIUDFWLRQ QHXWURQLTXH







/D YDULpWp DQDWDVH SUpVHQWH pJDOHPHQW XQH VWUXFWXUH WpWUDJRQDOH PDLV GH JURXSH











/D YDULpWp EURRNLWH SUpVHQWH XQH VWUXFWXUH RUWKRUKRPELTXH GH JURXSH G¶HVSDFH 3EFD
)LJXUHGRQWOHVSDUDPqWUHVGHPDLOOHVRQWDE cEE cFE c>@





/DYDULpWpDOORWURSLTXHODSOXVVWDEOHjWRXWHVOHV WHPSpUDWXUHVHVW ODIRUPHUXWLOH OHV
VWUXFWXUHVDQDWDVHHWEURRNLWHpWDQWGHVSKDVHVPpWDVWDEOHVREWHQXHVVRXVFHUWDLQHVFRQGLWLRQV
SDUWLFXOLqUHV GH SUHVVLRQ HW GH WHPSpUDWXUH /D WHPSpUDWXUH GH WUDQVLWLRQ DOORWURSLTXH GH
O¶DQDWDVH HQ UXWLOH GpSHQG GH OD PpWKRGH GH V\QWKqVH XWLOLVpH GH OD WDLOOH GHV SDUWLFXOHV
G¶R[\GHVGHO¶DWPRVSKqUHHQYLURQQDQWHPDLVpJDOHPHQWGHODTXDQWLWpG¶LPSXUHWpVSUpVHQWHV







HW DO >@ VLWXHQW OD WUDQVLWLRQ DQDWDVHUXWLOH HQWUH  HW & ORUVTXH OD SUHVVLRQ HVW
FRPSULVHHQWUHHWNEDU(QUHYDQFKHGDQVXQHJDPPHGHSUHVVLRQFRPSULVHHQWUHHW
NEDU9DKOGLHNHWDO >@SURSRVHXQHJDPPHpODUJLHFRPSULVHHQWUHHW&/HV
GRQQpHV GH OD OLWWpUDWXUH V¶DFFRUGHQW j GpPRQWUHU TXH FHWWH WUDQVLWLRQ HVW LUUpYHUVLEOH HW OH
FDUDFWqUHUHFRQVWUXFWLIGHFHOOHFLLPSOLTXHODUXSWXUHHWODUHIRUPDWLRQGHVOLDLVRQV7L2>@
3DU DLOOHXUV OH GLR[\GH GH WLWDQH SHXW SUpVHQWHU XQH VRXVVW°FKLRPpWULH HQ R[\JqQH
GRQW OD IRUPXOH JpQpUDOH HVW 7L2[ 8QH VpULH GH FRPSRVpV SUpVHQWDQW XQ RUGUH ODFXQDLUH





)RUPXOH 6WUXFWXUHFULVWDOOLQH Dc Ec Fc Į ȕ Ȗ
7L2 +H[DJRQDOH      
7L2 0RQRFOLQLTXH      
7L2 7ULFOLQLTXH      
7DEOHDX3DUDPqWUHVFULVWDOOLQVGHVSKDVHV7L27L2HW7L2>@
/HVRXVR[\GH OHSOXV VWDEOHHVW OHSHQWR[\GH7L2GRQW OD VWUXFWXUH IXWDIILQpHSDU
$VEULQNHW0DJQpOL>@&HVGHUQLHUVRQWPLVHQpYLGHQFHXQHWUDQVLWLRQGHSKDVHUpYHUVLEOHj
&TXLV¶DFFRPSDJQHGH OD WUDQVIRUPDWLRQGH ODYDULpWpEDVVH WHPSpUDWXUHPRQRFOLQLTXH
GHJURXSHG¶HVSDFH&PHQXQHVWUXFWXUHPRQRFOLQLTXHGHW\SHDQRVRYLWH3OXVWDUG2QRGD
>@UHFRQVLGpUDFHWWHGHUQLqUHFRPPHXQHVWUXFWXUHGHW\SHSVHXGREURRNLWHGRQWOHV\VWqPH
















$KDXWH WHPSpUDWXUH ODSKDVHVWDEOHGpULYHG¶XQHVWUXFWXUH FXELTXHGH W\SH IOXRULQH
&D)GHJURXSHG¶HVSDFH)PPHWGRQWOHSDUDPqWUHGHPDLOOHV¶DSSURFKHGHc>@





$X YRLVLQDJH GH & FHWWH SKDVH VXELW XQH WUDQVLWLRQ DOORWURSLTXH YHUV XQH
VWUXFWXUH WpWUDJRQDOH GH JURXSH G¶HVSDFH 3QPF )LJXUH  GRQW OHV SDUDPqWUHV GHPDLOOH










GHUQLqUH VRQW DP    c EP    c HW FP    c DYHF ȕ    >@ (OOH
V¶DFFRPSDJQH G¶XQH YDULDWLRQ GH YROXPH GH O¶RUGUH GH  j   LQGXLVDQW GHV FRQWUDLQWHV
LPSRUWDQWHV DX VHLQ GX PDWpULDX 'DQV OD OLWWpUDWXUH FHWWH WUDQVLWLRQ GH SKDVH WÆ P IXW
TXDOLILpHGHPDUWHQVLWLTXHSDUDQDORJLHDX[V\VWqPHVPpWDOOLTXHV>@/HVPpFDQLVPHVGHV
GpSODFHPHQWV DWRPLTXHV pOpPHQWDLUHV LQGXLWV ORUV GH FHV WUDQVLWLRQV GH SKDVH RQW pWp







$GDP HW 5RJHUV >@ IXUHQW OHV SUHPLHUV j DGPHWWUH TXH OH GLR[\GH G¶KDIQLXP
DXWUHPHQW DSSHOp KDIQLH +I2 SUpVHQWDLW GHV VLPLOLWXGHV DYHF OD ]LUFRQH (Q HIIHW HQ













G¶H[LVWHQFH DXGHOj & >±@ 3DU FRQVpTXHQW OD YDOHXU H[DFWH GX SDUDPqWUH GH
PDLOOHVHVLWXHGDQVXQGRPDLQHFRPSULVHQWUHcHWc$SOXVEDVVHWHPSpUDWXUHOD
VWUXFWXUH WpWUDJRQDOH GH JURXSH G¶HVSDFH 3QPF D SRXU SDUDPqWUHV GH PDLOOH UHVSHFWLIV
DW EW  c HW FW    >@ (Q GHVVRXV GH & OD VWUXFWXUH FULVWDOOLQH GH




/HV FDUEXUHVGHVPpWDX[GH WUDQVLWLRQGXJURXSH ,9ESHXYHQW rWUHREWHQXVSDUGHX[










/D UpGXFWLRQ FDUERWKHUPLTXH DXWUHPHQW QRPPpH FDUERUpGXFWLRQ HVW OD YRLH GH
V\QWKqVH LQGXVWULHOOH OD SOXV FRXUDPPHQW XWLOLVpH GDQV OD SURGXFWLRQ GH FDUEXUHV &HWWH
UpDFWLRQPHWHQ MHXG¶XQHSDUWXQGLR[\GHHWG¶DXWUHSDUW OHFDUERQHJpQpUDOHPHQWVRXV OD
IRUPH GH QRLU GH IXPpH RX GH JUDSKLWH SRXU SURGXLUH XQ FDUEXUH DLQVL TX¶XQ GpJDJHPHQW
JD]HX[GHPRQR[\GHGHFDUERQHVHORQODUpDFWLRQVXLYDQWH
0H2V&VÆ0H&V&2J(T
(Q  $FKHVRQ IXW O¶XQ GHV SUHPLHUV j GpYHORSSHU XQ SURFpGp >@ j O¶pFKHOOH







$ O¶KHXUH DFWXHOOH OD UpGXFWLRQ FDUERWKHUPLTXH GHVPpWDX[ GH WUDQVLWLRQ GX JURXSH
,9EDIDLWO¶REMHWGHQRPEUHX[WUDYDX[GDQVODOLWWpUDWXUH/HVDXWHXUVRQWWHQWpGHFRPSUHQGUH
OHV PpFDQLVPHV UpDFWLRQQHOV UpJLVVDQW OD FDUERUpGXFWLRQ DILQ GH SRXYRLU DPpOLRUHU OHV
SURSULpWpVPRUSKRORJLTXHVDLQVLTXHODJUDQXORPpWULHGHVSRXGUHVV\QWKpWLVpHV/DSOXSDUWGH
FHV pWXGHV PHQWLRQQHQW O¶H[LVWHQFH G¶XQH SKDVH LQWHUPpGLDLUH SUHQDQW OD IRUPH G¶XQ
R[\FDUEXUH SUpFpGHPPHQW SUpVHQWp GDQV OD SDUWLH , GRQW OD VW°FKLRPpWULH pYROXH DX
FRXUVGHODUpDFWLRQ





FHX[ UpJLVVDQW O¶R[\GDWLRQ GHV FDUEXUHV DSSDUDLW FRPPH XQH pWDSH SUpOLPLQDLUH LPSRUWDQWH
GDQV ODGpWHUPLQDWLRQGHVGRPDLQHVGHVWDELOLWpGHVVROXWLRQVVROLGHVR[\FDUEXUpHVGHV WURLV




0RLVVDQ >@ IXW O¶XQ GHV SUHPLHUV DXWHXUV j V¶LQWpUHVVHU j OD UpGXFWLRQ
FDUERWKHUPLTXHGXGLR[\GHGH WLWDQH 3DU OD VXLWH%UDQWOH\ HW%HFNPDQQ >@RQW VXLYL OD
FDUERUpGXFWLRQ GH 7L2 VRXV YLGH DLQVL TXH O¶LQIOXHQFH GH OD SUHVVLRQ GH PRQR[\GH GH
FDUERQH JD]HX[ GDQV O¶HQFHLQWH GH WUDYDLO &HV WUDYDX[ IXUHQW UHSULV SDU0HHUVRQ HW .UHLQ








OH WLWDQHPpWDOOLTXH /D IRUPHPpWDOOLTXH GX WLWDQH UpDJLUDLW GDQV XQ VHFRQG WHPSV DYHF OH
FDUERQH UpVLGXHO SRXU IRUPHU XQ FDUEXUH GH WLWDQH VW°FKLRPpWULTXH HW V¶DSSDUHQWHUDLW j XQH
UpDFWLRQGHW\SH6+6pYRTXpHSUpFpGHPPHQW











O¶pYROXWLRQ GX SDUDPqWUH GH PDLOOH j OD FRPSRVLWLRQ FKLPLTXH GH O¶R[\FDUEXUH OD PrPH
pTXLSHGHUHFKHUFKHSURSRVHXQHVW°FKLRPpWULHGLIIpUHQWH7L2&RX7L&2%HUJHUHW
DO>@REVHUYqUHQWSDUDQDO\VHVFKLPLTXHVpOpPHQWDLUHVQRQVHXOHPHQWXQHSKDVH7L2




















HQ SKDVHV GH0DJQpOL 7LQ2Q GpVRUGRQQpHV ORUV G¶XQH UpDFWLRQ SXUHPHQW UHFRQVWUXFWLYH







/RUVTXH OH GHJUp G¶DYDQFHPHQW DXJPHQWH ȟ    OHV GpIDXWV SODQV V¶RUGRQQHQW
SRXU IRUPHU OHVSKDVHVGH0DJQpOL/HGHJUpGHVRXVVW°FKLRPpWULHHQR[\JqQHDXVHLQGX




7L2&HV SKDVHV pYROXHQW SURJUHVVLYHPHQW DX FRXUV GH OD UpGXFWLRQ FDUERWKHUPLTXH YHUV
GHV WHUPHV FRUUHVSRQGDQW DX[ IDLEOHV YDOHXUV GH Q VHORQ O¶pTXDWLRQ  /H GHUQLHU WHUPH











/D WURLVLqPHpWDSH FRUUHVSRQGj OD UpGXFWLRQGH O¶R[\FDUEXUHSULPDLUH DXFRQWDFWGX






VXU GHV SRXGUHV >±@ GHV PRQRFULVWDX[ >±@ RX HQFRUH GHV PDVVLIV >±
@ (Q HIIHW OHV PpFDQLVPHV UpJLVVDQW OH SKpQRPqQH G¶R[\GDWLRQ GHV FDUEXUHV GLIIqUHQW
VHORQODPRUSKRORJLHGHVpFKDQWLOORQVFRQVLGpUpV
/H7DEOHDXUHJURXSHOHVSULQFLSDOHVFDUDFWpULVWLTXHVSK\VLFRFKLPLTXHVGHVSRXGUHV


































(Q UpDOLVDQW GHVPHVXUHV HQ UpJLPH LVRWKHUPH HQGHVVRXVGH&6KLPDGDHW DO
>@DVVRFLHQWODSUHPLqUHpWDSHGHFHSURFHVVXVjO¶LQFRUSRUDWLRQG¶R[\JqQHGDQVOHUpVHDX
FULVWDOOLQGH7L&(QVHVXEVWLWXDQWDX[DWRPHVGHFDUERQHOHVDWRPHVG¶R[\JqQHPRGLILHQWOD






G¶R[\GH GH WLWDQH DPRUSKH /¶pWDSH VXLYDQWH HVW DVVRFLpH j VD FULVWDOOLVDWLRQ VRXV IRUPH
G¶DQDWDVHDLQVLTX¶jO¶H[SDQVLRQHWDXJURVVLVVHPHQWGHODFRXFKHGHFHWWHSKDVHLQGXLVDQWGHV
FRQWUDLQWHVHWGHVILVVXUHV&HVDXWHXUVRQWpJDOHPHQWPLVHQDYDQWHQUpJLPHLVRWKHUPHSRXU

























7L&PRQRFULVWDO 2$U   7L&[2\7L2UX >@




7L&PRQRFULVWDO 2   7L&[2\7L2UX >@
7DEOHDX3ULQFLSDOHVFDUDFWpULVWLTXHVSK\VLFRFKLPLTXHVGHVPRQRFULVWDX[GH7L&R[\GpV










VRXPLVDX IOX[G¶R[\JqQHGHVPRQRFULVWDX[GHFDUEXUHGH WLWDQHGLVWLQJXDQWG¶XQHSDUW OHV
IDPLOOHV GH SODQV  HW  HW G¶DXWUH SDUW OD IDPLOOH GH SODQV  /D FLQpWLTXH
G¶R[\GDWLRQ V¶DYqUH rWUH  IRLV SOXV UDSLGH VHORQ OHV SODQV GH FOLYDJH  HW REWHQXV




H[LVWDQWHQWUH OHVSODQVFDWLRQLTXHV HW GH OD VWUXFWXUHGXFDUEXUHGH WLWDQHHW OHV
SODQVGXUXWLOH3DUDLOOHXUVFHVDXWHXUVGpPRQWUqUHQWTXHOHVSODQVLQGXLVDLHQWOD
IRUPDWLRQ G¶XQH SKDVH ODPHOODLUH GH IRUPXOH 7L2 FDXVpH SDU OD GpVRULHQWDWLRQ
FULVWDOORJUDSKLTXHDYHFOHVSODQVGHODVWUXFWXUHGXUXWLOH
/HV GLIIpUHQWHV pWXGHV FLQpWLTXHV HWPLFURVWUXFWXUDOHV G¶R[\GDWLRQ HIIHFWXpHV VXU GHV











































































PRQROLWKHVGH7L&DXSUpDODEOH IULWWpV SDUSUHVVDJH LVRVWDWLTXHjFKDXG +,3&HV UpVXOWDWV
RQW pWp FRQILUPpV SDU OHV WUDYDX[ GH /DYUHQNR HW DO >@ HW GH 6KDEDOLQ HW DO >@
&HSHQGDQW OD OLPLWH HQ WHPSpUDWXUH VpSDUDQW OHGRPDLQHSDUDEROLTXHHW OHGRPDLQH OLQpDLUH




PHQWLRQ GH O¶DSSDULWLRQ G¶XQH FRXFKH GH UXWLOH j OD VXUIDFH GHV PDVVLIV (Q UHYDQFKH OD
SUpVHQFHGHVRXVR[\GHVGH0DJQpOLQ¶HVWPHQWLRQQpHGDQVODOLWWpUDWXUHTXHGDQVOHVWUDYDX[
GH9RLWRYLFKHWDO>@HW/DYUHQNRHWDO >@&HVGHUQLHUVSUpFLVHQWTXHFHVSKDVHVQH




$X GpEXW GHV DQQpHV  GH PDQLqUH DQDORJXH DX FDUEXUH GH WLWDQH GH QRPEUHX[
DXWHXUV VH VRQW LQWpUHVVpV j O¶pWXGH GHV PpFDQLVPHV UpDFWLRQQHOV GH OD UpGXFWLRQ
FDUERWKHUPLTXH GH OD ]LUFRQH 0HHUVRQ HW DO >@ DLQVL TXH 6DPVRQRY HW DO >@ RQW
PRQWUp TXH O¶DXJPHQWDWLRQ GH SUHVVLRQ GHPRQR[\GH GH FDUERQH GDQV O¶HQFHLQWH GH WUDYDLO





FDUEXUH GH ]LUFRQLXP H[HPSW GH WRXWH WUDFH G¶R[\JqQH V¶DYpUDLW GLIILFLOH HW VXSSRVqUHQW HQ
SUHPLHUO¶H[LVWHQFHG¶XQR[\FDUEXUHGH]LUFRQLXPGHIRUPXOH=U&2
'DQV OHV DQQpHV  OD FLQpWLTXH GH OD UpDFWLRQ GH FDUERUpGXFWLRQ IXW O¶REMHW GH
SOXVLHXUV pWXGHV YLVDQW j DSSURIRQGLU OHV PpFDQLVPHV UpDFWLRQQHOV 0DvWUH HW DO >@
SURSRVqUHQWXQPpFDQLVPHFRPSRVpGHGHX[pWDSHVGLVWLQFWHVHQVHEDVDQWVXUO¶pYROXWLRQGX
SDUDPqWUHGHPDLOOHGH O¶R[\FDUEXUHGH]LUFRQLXPHQ IRQFWLRQGH O¶DYDQFHPHQWGH UpDFWLRQ
'XUDQWODSUHPLqUHpWDSHOHSDUDPqWUHGHPDLOOHGH=U&[2\pWDQWTXDVLFRQVWDQWLODpWpDGPLV




O¶R[\JqQH (Q G¶DXWUHV WHUPHV FHWWH VHFRQGH pWDSH HVW GRQF DVVRFLpH j XQ HQULFKLVVHPHQW
SURJUHVVLI HQ FDUERQH G¶XQ R[\FDUEXUH SULPDLUH HQ XQ R[\FDUEXUH VHFRQGDLUH TXDVL








VXU GHX[ VLWHV UpDFWLRQQHOV GLVWLQFWV HW IDLVDQW LQWHUYHQLU GHV SKDVHV JD]HXVHV /D SUHPLqUH
UpDFWLRQHVWDVVRFLpHjO¶R[\GDWLRQGXFDUERQHVHORQO¶pTXLOLEUHGH%RXGRXDUG
&V&2JÆ&2J (T
/H PRQR[\GH GH FDUERQH SURGXLW SDU OD SUHPLqUH UpDFWLRQ SDUWLHOOH VHUDLW HQVXLWH




7L2 GH FRPSUHQGUH OHV PpFDQLVPHV UpJLVVDQW FHWWH UpDFWLRQ SDU XQH DSSURFKH VWUXFWXUDOH
>±@/¶DSSRUWGHODPLFURVFRSLHpOHFWURQLTXHHQWUDQVPLVVLRQDLQVLTX¶XQHDQDO\VHILQH
GHV UpVXOWDWV REWHQXV SDU GLIIUDFWLRQ GHV 5D\RQV ; VXU OHV GLIIpUHQWV ORWV GH SRXGUHV
V\QWKpWLVpV j GLIIpUHQWV DYDQFHPHQWV GH UpDFWLRQ RQW SHUPLV GH GpPRQWUHU OH FDUDFWqUH
SXUHPHQWUHFRQVWUXFWLIGHFHWWHUpDFWLRQ(QHIIHW OHVGLIIpUHQWHVREVHUYDWLRQVHIIHFWXpHVSDU
PLFURVFRSLH pOHFWURQLTXH HQ WUDQVPLVVLRQ RQWPRQWUp TXH OH FRQWDFW HQWUH OHV SDUWLFXOHV GH




6XU OH SUHPLHU VLWH UpDFWLRQQHO OHV SDUWLFXOHV GH ]LUFRQH DFTXLqUHQW XQ FDUDFWqUH
DXWRPRUSKHHWH[SULPHQWGHVPDUFKHVFULVWDOOLQHVVHORQOHVIDPLOOHVGHSODQVOHVSOXVGHQVHV
GH OD VWUXFWXUH PRQRFOLQLTXH j VDYRLU  HW  /D ]LUFRQH VH GpVWDELOLVHUDLW HQ








&V&2J &2J  (T
3DUDOOqOHPHQW j OD GpVWDELOLVDWLRQ GHV UpDFWLIV LO VH SURGXLUDLW XQ SKpQRPqQH GH
QXFOpDWLRQ G¶XQH SKDVH G¶R[\FDUEXUH ULFKH HQ FDUERQH GH IRUPXOH =U&2 DX VHLQ GX
FDUERQHVHORQO¶pTXDWLRQ
=U2J&2JÆ=U&2V&2J  (T








GH O¶R[\FDUEXUH GH ]LUFRQLXP HQ IDLVDQW YDULHU OHV TXDQWLWpV GH UpDFWLIV GH GpSDUW (Q
V\QWKpWLVDQW GLIIpUHQWHV VW°FKLRPpWULHV G¶R[\FDUEXUHV GH ]LUFRQLXP=U&[2\ j & VRXV
EDOD\DJHG¶DUJRQFHVDXWHXUVPLUHQWHQpYLGHQFHSDUGLIIUDFWLRQGHVUD\RQV;TXHODYDOHXU
PLQLPDOHTXHSRXYDLWSUHQGUH[pWDLWFRPSULVHHQWUHHWjFHWWHWHPSpUDWXUH(QHIIHW
SRXU GHV YDOHXUV GH [ LQIpULHXUHV RX pJDOHV j  FKDTXH GLDJUDPPH GH GLIIUDFWLRQ GHV
UD\RQV ; SUpVHQWH GHV UDLHV FDUDFWpULVWLTXHV GH OD ]LUFRQH UpVLGXHOOH PRQRFOLQLTXH HW
WpWUDJRQDOHQ¶D\DQWSDVUpDJLDXFRXUVGHODUpDFWLRQ
,,/DUpDFWLRQ=U&=U2
&HWWH UpDFWLRQ (TQH IDLW O¶REMHW VHXOHPHQWTXHG¶XQHpWXGHGpWDLOOpHYLVDQWj
V\QWKpWLVHUGLIIpUHQWVR[\FDUEXUHVGHFRPSRVLRQYDULDEOHHQFDUERQHHWHQR[\JqQH >@(Q







Rݔ ൌ  ఈି௑
ଵାఈ








=U&2 (Q HIIHW OH UpVHDX FXELTXH j IDFHV FHQWUpHV GH O¶R[\FDUEXUH GH ]LUFRQLXP VH
UHWURXYHVDWXUpHQR[\JqQHHWOD]LUFRQHSHXWrWUHTXDOLILpHGHUpDFWLILQWURGXLWHQH[FqV




SOXV LPSRUWDQWH TX¶j & /D )LJXUH  SUpVHQWH WURLV LVRWKHUPHV VXSHUSRVpHV GX
GLDJUDPPH GH SKDVHV WHUQDLUH =U&2 /HV WUDYDX[ GH 2XHQVDQJD HW 'RGp PRQWUHQW TXH
O¶pWHQGXHGH OD VROXWLRQ VROLGH HVW UHVWUHLQWH ORUVTXH OD WHPSpUDWXUHGH WUDLWHPHQW WKHUPLTXH











0DJQpOL SHXYHQW VH IRUPHU JUkFH DX[ GLIIpUHQWHV YDOHQFHV GH 7L GXUDQW OH SKpQRPqQH
G¶R[\GDWLRQ FHV SKDVHV Q¶LQWHUYLHQQHQW SDV GXUDQW O¶R[\GDWLRQ GH =U& $XFXQH SKDVH
LQWHUPpGLDLUHGHW\SHVRXVR[\GHQHVHIRUPHGXUDQWO¶R[\GDWLRQGH=U&(QHIIHWODYDOHQFH
















GH GLR[\JqQH SURGXLVDQW GH OD ]LUFRQH VROLGH DLQVL TX¶XQ GpJDJHPHQW JD]HX[ GH &2
(T
=U&[2[Vò[2J =U2V[&2J (T






$ SOXV KDXWH WHPSpUDWXUH & HW VRXV GH IDLEOHV SUHVVLRQV SDUWLHOOHV G¶R[\JqQH
 N3D ODPDMHXUH SDUWLH GHV pWXGHV >@PHQWLRQQHQW OD SUpVHQFH GH ]LUFRQH
PRQRFOLQLTXH RX WpWUDJRQDOH ,OV VXSSRVHQW TXH OD SUR[LPLWp GX FDUEXUH GH ]LUFRQLXP
FULVWDOOLVDQW VRXV IRUPH FXELTXHSHUPHWWUDLW OD VWDELOLVDWLRQ G¶XQH SKDVH=U2 GH SOXV KDXWH
V\PpWULH'HSOXVFHVDXWHXUVQRWHQWXQGpJDJHPHQWSOXVLPSRUWDQWGHGLR[\GHGHFDUERQHOLp
jODSRURVLWpGHODFRXFKHG¶R[\GHIRUPpHQVXUIDFH
/¶R[\GDWLRQ SURORQJpH GHV pFKDQWLOORQV j KDXWHV WHPSpUDWXUHV SHXW LQGXLUH OD
IRUPDWLRQGHILVVXUHVjO¶pFKHOOHPDFURVFRSLTXHDXVHLQGHOD]LUFRQH OLpHjODGLIIpUHQFHGH
FRHIILFLHQWVGHGLODWDWLRQWKHUPLTXHHQWUHODFRXFKHG¶R[\GHHWFHOOHGHFDUEXUH/¶DSSDULWLRQ




GX FDUEXUH GH ]LUFRQLXP SURSRVpV GDQV OD OLWWpUDWXUH 3ODFp VRXV DWPRVSKqUH R[\GDQWH
O¶R[\JqQH GLIIXVH GDQV XQ SUHPLHU WHPSV GDQV OH UpVHDX FIF GH =U& IRUPDQW XQH FRXFKH
G¶R[\FDUEXUHGRQWODVW°FKLRPpWULHQ¶DSXrWUHTXDQWLILpHSUpFLVpPHQW
3DU OD VXLWH XQH FRXFKH GH ]LUFRQH WpWUDJRQDOH RX FXELTXH VH IRUPH SURFKH GH
O¶LQWHUIDFHUpDFWLRQQHOOHDYHFOHVPRQROLWKHVGHFDUEXUHGH]LUFRQLXP3DUODVXLWHOHFDUERQH
H[WUDLWGXFDUEXUHQ¶pWDQWSDVVROXEOHDXVHLQGXUpVHDXGHOD]LUFRQHVpJUqJHjO¶LQWHUIDFH
/¶R[\GDWLRQSURORQJpH LQGXLUDLW O¶DXJPHQWDWLRQGH O¶pSDLVVHXUGH ODFRXFKHG¶R[\GH











GH YXH FLQpWLTXH WKHUPRG\QDPLTXH RX HQFRUH VWUXFWXUDO OHV PpFDQLVPHV UpDFWLRQQHOV RQW
VRXYHQWpWpH[WUDSROpVHQVHEDVDQWVXUOHVUpVXOWDWVREWHQXVSRXUOD]LUFRQH'DQVOHVDQQpHV
 &RWWHU HW .RKQ >@ GpPRQWqUHQW TXH O¶pOpYDWLRQ GH OD WHPSpUDWXUH GH WUDLWHPHQW
WKHUPLTXHG¶XQPpODQJHGH+I2HWGHFDUERQHFRXSOpHjXQIDLEOHWHPSVGHSDOLHUSHUPHWWDLW
G¶REWHQLUXQFDUEXUHG¶KDIQLXPFRQWHQDQWGHVDTXDQWLWpWKpRULTXHHQFDUERQH
3OXV UpFHPPHQW HQ HPSOR\DQW GHV YRLHV GH V\QWKqVH GLWHV QRQFRQYHQWLRQQHOOHV
FHUWDLQV DXWHXUV RQW UpXVVL j V\QWKpWLVHU GX FDUEXUH G¶KDIQLXP GH JUDQXORPpWULH ILQH
>@ 6DFN HW DO >@ REWLHQQHQW SDU S\URO\VH G¶XQ PpODQJH GH PpWDO DONR[\GH
FRXSOpH jXQH VRXUFHGH FDUERQH UpVLQHSKpQROLTXHRXJO\FHUROXQHSRXGUH HQVXLWH WUDLWpH
WKHUPLTXHPHQWVRXVIOX[G¶DUJRQ/HPDWpULDXILQDOV¶DYqUHrWUHXQR[\FDUEXUHG¶KDIQLXPGH
IRUPXOH+I&[2\ SUpVHQWDQW GH O¶R[\JqQH VXEVWLWXp DX FDUERQH VXU OHV VLWHV RFWDpGULTXHV GX









/D VHXOH pWXGH UpFHQWH YLVDQW j FRPSUHQGUH OHV PpFDQLVPHV GH OD UpGXFWLRQ
FDUERWKHUPLTXHGXGLR[\GHG¶KDIQLXPHVWOHIUXLWGXWUDYDLOGH/LXHWDO>@(QPpODQJHDQW
G¶XQH SDUW GH O¶KDIQLH HW G¶DXWUH SDUW GX FDUERQH JUDSKLWH RX QRLU GH IXPpH FHV DXWHXUV
REVHUYqUHQW SDU GLIIUDFWLRQ GHV UD\RQV ; HW PLFURFRSLH pOHFWURQLTXH HQ WUDQVPLVVLRQ OD
IRUPDWLRQ G¶XQH SKDVH R[\FDUEXUH VRXV IRUPH PRQRFOLQLTXH ,O V¶HQ VXLYUDLW XQH UpDFWLRQ





HQ pWXGLDQW OH V\VWqPH =U2& OD VXEVWLWXWLRQ GHV DWRPHV G¶R[\JqQH SDU GHV DWRPHV GH
FDUERQH DX VHLQ GH OD VWUXFWXUH FULVWDOOLQH GH O¶R[\GH FRQGXLUDLW j OD IRUPDWLRQ G¶XQ
R[\FDUEXUH&HSHQGDQWODYDULpWpPRQRFOLQLTXHGHFHGHUQLHUQ¶DMDPDLVHQFRUHpWpREVHUYpH
VXUOHVWURLVV\VWqPHVSUpVHQWpVLFL
3OXV UpFHPPHQW OD UpGXFWLRQ FDUERWKHUPLTXH GH O¶KDIQLH D IDLW O¶REMHW G¶XQH pWXGH
VWUXFWXUDOHYLVDQWjFRPSUHQGUH OHVPpFDQLVPHV UpDFWLRQQHOVSDUGLIIUDFWLRQGHV UD\RQV;HW




GHV WURLVV\VWqPHVFRQVLGpUpVGDQVFH WUDYDLO'HPDQLqUHDQDORJXHDX]LUFRQLXP O¶KDIQLXP
Q¶DGPHWTX¶XQHVHXOHYDOHQFHSRVVLEOH,93DUFRQVpTXHQWOHVPpFDQLVPHVG¶R[\GDWLRQGH






'DQVXQVHFRQG WHPSV O¶DSSDULWLRQG¶XQHFRXFKHG¶KDIQLHPRQRFOLQLTXH SRUHXVHHVW
REVHUYpH TXHOOHV TXH VRLHQW OHV JDPPHV GH WHPSpUDWXUH RX SUHVVLRQV SDUWLHOOHV G¶R[\JqQH
H[SORUpHV>±@
'¶XQ SRLQW GH YXH SXUHPHQW FLQpWLTXH LO Q¶H[LVWH TXH SHX G¶pWXGHV WUDLWDQW GX
SKpQRPqQHG¶R[\GDWLRQ GH+I&$ IDLEOH WHPSpUDWXUH HQWUH  HW & j O¶DLGH G¶XQH
WKHUPREDODQFH6KLPDGDHW,QDJDNL>@RQWGpILQLOHGHJUpG¶R[\GDWLRQαFRPPHOHUDSSRUW
GH OD YDOHXU GX JDLQ GH PDVVH WKpRULTXH VXU OD YDOHXU WKpRULTXH HQJHQGUp SDU XQ IOX[ GH
GLR[\JqQH /D SUHPLqUH pWDSH GX SURFHVVXV G¶R[\GDWLRQ α HVW GpFULWH SDU
O¶LQWHUPpGLDLUHGH O¶pTXDWLRQGH-DQGHU >@TXHOOHTXHVRLW ODSUHVVLRQSDUWLHOOHG¶R[\JqQH










SDUW O¶R[\FDUEXUH &HV DXWHXUV LQGLTXHQW pJDOHPHQW OD SUpVHQFH GH FDUERQH VRXV IRUPH
DPRUSKHGDQV OD FRXFKHG¶R[\GHGRQWXQHSDUWLH VHXOHPHQW HVW FRQVRPPpH VRXV IRUPHGH
&2RXGH&2
'DQV OD JDPPH GH WHPSpUDWXUH FRPSULVH HQWUH  HW & %HUNRZLW] >@
GpPRQWUH TXH OH JDLQ GH PDVVH GH OD SRXGUH GH FDUEXUH G¶KDIQLXP SODFpH GDQV XQH
WKHUPREDODQFH VXLW XQ FRPSRUWHPHQW OLQpDLUH VRXV XQH SUHVVLRQ G¶R[\JqQH GH N3D $
O¶LQYHUVH&RXUWULJKWHWDO>@GpPRQWUHQWTXHODFLQpWLTXHGHFURLVVDQFHGHODSKDVHR[\GH
j OD VXUIDFHGHPRQROLWKHV VXLWXQH ORLSDUDEROLTXHGDQV OHFDVGXFDUEXUHG¶KDIQLXP&HWWH
pWXGHPHW HQ DYDQW XQ FKDQJHPHQW GH UpJLPH G¶R[\GDWLRQ j & (Q GHVVRXV GH FHWWH
WHPSpUDWXUHODFLQpWLTXHG¶R[\GDWLRQHVWUpJLHSDUOHWUDQVSRUWG¶HVSqFHVJD]HXVHVDXVHLQGH
OD FRXFKH G¶R[\GH YLD OD SRURVLWp $XGHOj GH FHWWH WHPSpUDWXUH OD FLQpWLTXH VHPEOH rWUH
FRQWU{OpHSDUXQSURFHVVXVGLIIXVLRQQHOjO¶pWDWVROLGH
,,, 'pPDUFKHVFLHQWLILTXH
/HV SUREOpPDWLTXHV VFLHQWLILTXHV WUDLWpHV GDQV OH FDGUH GH FHWWH WKqVH SHXYHQW rWUH





JURXSH ,9E VHPEOH HQ IDLW FRQGXLUH j OD SURGXFWLRQ GH SRXGUHV G¶R[\FDUEXUHV GH W\SH
0H&[2\&HVSKDVHVD\DQWXQHVWUXFWXUHLGHQWLTXHjFHOOHGHVFDUEXUHVVW°FKLRPpWULTXHVRX
VRXVVW°FKLRPpWULTXHV HQ FDUERQHGpFULWV GDQV OD OLWWpUDWXUH HOOHVSHXYHQW rWUH FRQVLGpUpHV
FRPPH GHV VROXWLRQV VROLGHV R O¶R[\JqQH SHXW rWUH LQFRUSRUp VXU OH UpVHDX ODFXQDLUH HQ
FDUERQHRXVHVXEVWLWXHUDX[DWRPHVGHFDUERQHHX[PrPHV0rPHVLFHWDVSHFWHVWSDUIRLV




DVSHFW >±@ '¶DXWUHV WUDYDX[ PRQWUHQW pJDOHPHQW TXH O¶LQFRUSRUDWLRQ
G¶R[\JqQHPRGLILHOHVSURSULpWpVWKHUPRPpFDQLTXHV>@HWRXOHFRPSRUWHPHQWDXIULWWDJH
GHV FpUDPLTXHV >@ ,O V¶DJLW GRQF G¶XQ SKpQRPqQH TXL FRQGLWLRQQH IRUWHPHQW OHV
DSSOLFDWLRQV SRWHQWLHOOHV GH FH W\SH GH PDWpULDX[ FpUDPLTXHV 3DU DLOOHXUV ORUV GH FHWWH
V\QWKqVH ELEOLRJUDSKLTXH QRXV YHQRQV GH YRLU TXH FHV FDUEXUHV VRQW SDUWLFXOLqUHPHQW
VHQVLEOHVDX[SKpQRPqQHVG¶R[\GDWLRQ,FLHQFRUHFHW\SHGHWUDQVIRUPDWLRQTXHVWLRQQHVXUOH
U{OHGHFHVVROXWLRQVVROLGHV
'H SOXV OHV OLPLWHV GHV GRPDLQHV GH VWDELOLWp GHV VROXWLRQV VROLGHV FRQVWLWXHQW GHV
GRQQpHVGLDJUDPPDWLTXHV IRUWHV HWQpFHVVDLUHV j ODPRGpOLVDWLRQGHVGLDJUDPPHVGHSKDVHV
WHUQDLUHV0H&27RXWHIRLV OHPDQTXHGHGRQQpHV WKHUPRG\QDPLTXHVVXUFHVV\VWqPHVQH
SHUPHWSDVGHSUHQGUHHQFRPSWHO¶H[LVWHQFHGHODVROXWLRQVROLGHR[\FDUEXUpHORUVGHO¶pWDSH
GH PRGpOLVDWLRQ (Q FRQVpTXHQFH VHXOH O¶H[SpULPHQWDWLRQ SHXW SHUPHWWUH G¶REWHQLU GHV
LQIRUPDWLRQV VXU OHV GRPDLQHV ELSKDVpV RX PRQRSKDVpV IDFLOLWDQW O¶RSWLPLVDWLRQ GHV
GLDJUDPPHV 3DU FRQVpTXHQW O¶RMHFWLI SULQFLSDO GH FH WUDYDLO IXW GH GpWHUPLQHU
H[SpULPHQWDOHPHQW OHV GRPDLQHV GH VWDELOLWp GHV SKDVHV R[\FDUEXUHV V\QWKpWLVpHV SDU
UpGXFWLRQFDUERWKHUPLTXH
/DGpWHUPLQDWLRQGHODFRPSRVLWLRQFKLPLTXHGHVSKDVHVR[\FDUEXUHV
$ILQ G¶DWWHLQGUH O¶REMHFWLI SULQFLSDO GH FHWWH pWXGH XQHPpWKRGRORJLH SHUPHWWDQW GH
GpWHUPLQHU OHV GRPDLQHV G¶H[LVWHQFH GHV VROXWLRQV VROLGHV R[\FDUEXUpHV GH IDoRQ ILDEOH HW
UHSURGXFWLEOHIXWPLVHHQSODFH8QHGHVSULQFLSDOHVGLIILFXOWpVFRQFHUQHOHGRVDJHFKLPLTXH
SUpFLVGHVpOpPHQWVOpJHUVFDUERQHHWR[\JqQH/DPpWKRGHODSOXVFRXUDPPHQWXWLOLVpHHVWOH
GRVDJH pOpPHQWDLUH VXU SRXGUH&HWWHPpWKRGHG¶DQDO\VH JOREDOHGHVSRXGUHV HVW FHSHQGDQW
WUqVYLWHPLVHHQGpIDXWORUVTXHOHVpFKDQWLOORQVDQDO\VpVQHVRQWSDVG¶XQHWUqVJUDQGHSXUHWp
RX ORUVTXH OHV YDULDWLRQV GH FRPSRVLWLRQ VRQW GXPrPH RUGUH GH JUDQGHXU TXH O¶HUUHXU GH




UHIOqWH DORUV XQH FRPSRVLWLRQ FKLPLTXHPR\HQQH VDQV UpDOLWp SK\VLTXH DYpUpH HQ WHUPHV GH





FRPSRVLWLRQ YDULDEOH GRQW OD SXUHWp FKLPLTXH HVW VWULFWHPHQW FRQWU{OpH &HV pFKDQWLOORQV
VHURQWHQVXLWHDQDO\VpVFKLPLTXHPHQWHWFRQVWLWXHURQWGHVUpIpUHQFHV
/DOLWWpUDWXUHPRQWUHpJDOHPHQWTXHGHQRPEUHX[DXWHXUVRQWWHQWpGHV¶DIIUDQFKLUGH
FH SUREOqPH GH GRVDJH FKLPLTXH HQ UHPRQWDQW j OD FRPSRVLWLRQ GHV R[\FDUEXUHV SDU OD
GpWHUPLQDWLRQGHVSDUDPqWUHVGHPDLOOHjSDUWLUG¶DEDTXHVSUpDODEOHPHQWpWDEOLV ,FL HQFRUH




FHV UpVXOWDWV SHXW V¶H[SOLTXHU j OD IRLV SDU XQH pYHQWXHOOHPDXYDLVHPDLWULVH GH OD YRLH GH
V\QWKqVH RX SDU XQPDQTXH GH ULJXHXU GDQV O¶DFTXLVLWLRQ HW OH WUDLWHPHQW GHV GRQQpHV SDU
GLIIUDFWLRQGHV UD\RQV;/¶DWRXWPDMHXUGH ODPpWKRORJLHPLVH HQSODFHGXUDQW FHWWH pWXGH
UHSRVH VXU OH FRXSODJH GHV GLIIpUHQWHV WHFKQLTXHV GH FDUDFWpULVDWLRQ GHV PDWpULDX[
SXOYpUXOHQWV $QDO\VH FKLPLTXH pOpPHQWDLUH DIILQHPHQWV GH SDUDPqWUHV GH PDLOOH j O¶DLGH




GHVGRQQpHVGH UpIpUHQFHVSHUPHWWDQW GH VLPSOLILHU ODGpWHUPLQDWLRQGH OD VW°FKLRPpWULHGH
FHVSKDVHV





SRXU FDUDFWpULVHU OHV GLIIpUHQWHV pWDSHV GH OD UpDFWLRQ (Q UHYDQFKH OD UpGXFWLRQ
FDUERWKHUPLTXHGHO¶KDIQLHFRPSRVpVWUXFWXUDOHPHQWLVRW\SHGHOD]LUFRQHQ¶DSDVIDLWO¶REMHW
G¶XQH pWXGH VWUXFWXUDOH ILQH HW GpWDLOOpH &H WUDYDLO IXW HQWUHSULV GXUDQW FHWWH WKqVH HW OHV







/D OLWWpUDWXUH UHODWLYH DX[ DVSHFWV GH OD WKHUPRG\QDPLTXH GHV V\VWqPHV pWXGLpV VHUD
SUpVHQWpH SOXV HQ GpWDLO GDQV OH FKDSLWUH  GX PDQXVFULW &H FKRL[ HVW OLp DX IDLW TXH OHV
PRGqOHVUHWHQXVGpFULYDQWOHVGLIIpUHQWHVSKDVHVHWVHUYDQWjODPRGpOLVDWLRQGHVGLDJUDPPHV
WKHUPRG\QDPLTXHV QpFHVVLWHQW XQH pWXGH ELEOLRJUDSKLTXH VSpFLILTXH 6RPPDLUHPHQW
O¶DQDO\VHGHODOLWWpUDWXUHUpYqOHTX¶XQJUDQGQRPEUHG¶pWXGHVSRUWHQWVXUODPRGpOLVDWLRQGH
GLDJUDPPHVELQDLUHVHWFHSOXVSDUWLFXOLqUHPHQWSRXUOHVV\VWqPHV7L&2HW=U&2
$YHF O¶XWLOLVDWLRQ GH PRGqOHV WKHUPRG\QDPLTXHV DGDSWpV SHUPHWWDQW GH UHQGUH
FRPSWH GH OD PLVH HQ RUGUH DXWRXU GH FRPSRVLWLRQV VSpFLILTXHV GDQV OHV VROXWLRQV OHV
PRGpOLVDWLRQVGHVV\VWqPHVELQDLUHVFRQVWLWXWLIVWUDGXLVHQWOHVDVSHFWVFKLPLTXHVHWSK\VLTXHV
SURSUHVj FHVSKDVHV&H WUDYDLOGHFRPSLODWLRQELEOLRJUDSKLTXHQRXVD FRQGXLWjFRQVWUXLUH
O¶HQVHPEOH GHV EDVHV GH GRQQpHV UHODWLYHV DX[ WUDYDX[ LGHQWLILpV DILQ G¶HQ IDLUH GHV
FRPSDUDLVRQV HW GH VpOHFWLRQQHU OHVPRGqOHV OHVSOXV DSSURSULpV HQYXH G¶XQHH[WUDSRODWLRQ
GDQV XQ V\VWqPH G¶RUGUH VXSpULHXU 6L OD OLWWpUDWXUH IDLW PHQWLRQ GH QRPEUHXVHV UpIpUHQFHV
SRXU OHV GLDJUDPPHV ELQDLUHV LO Q¶HQ YD SDV GHPrPH HQ FH TXL FRQFHUQH OHV GLDJUDPPHV
WHUQDLUHV (Q OD PDWLqUH VHXOHV WURLV pWXGHV H[SpULPHQWDOHV RQW SHUPLV GH SRVLWLRQQHU OHV
FKDPSV GHV VROXWLRQV VROLGHV SRXU OH V\VWqPH =U&2 >±@ PDLV DXFXQH PRGpOLVDWLRQ
DERXWLHQ¶HVWDFWXHOOHPHQWGLVSRQLEOHSRXUFKDFXQGHVWURLVV\VWqPHVpWXGLpV
$SUqVDYRLUELHQDSSUpKHQGpO¶pWHQGXHGHVGRPDLQHVGHVWDELOLWpGHVVROXWLRQVVROLGHV
GHV V\VWqPHV FKLPLTXHV pWXGLpV FHWWH WKqVH DERUGHUD OHV SUHPLqUHV PRGpOLVDWLRQV GH FHV
GLDJUDPPHVWHUQDLUHV&HSHQGDQWSRXUPHQHUjELHQFHWWHHQWUHSULVHLOHVWDSSDUXLQWpUHVVDQW
G¶pODUJLU OH SDQHO GHV GRQQpHV HQ FRQVLGpUDQW GHV FRXSOHV UpDFWLIV020& DILQ GHPLHX[
GpILQLU OHV SKDVHV j O¶pTXLOLEUH DX VHLQ GH O¶LQWHUIDFH UpDFWLRQQHOOH&HV H[SpULHQFHV RQW pWp
UpDOLVpHVjSDUWLUGHFpUDPLTXHVPRQROLWKLTXHVDILQGHWUDYDLOOHUHQDWPRVSKqUHFRQILQpHGDQV
XQHPDWULFHHQJUDSKLWH/HV\VWqPHVHUHWURXYHSOXVFRQWUDLQWFKLPLTXHPHQWTXHGDQVOHFDV




GH VRXV R[\GHV 3KDVHV GH0DJQpOL VXU OH FKHPLQ UpDFWLRQQHO GRQW LO VHUDLW LQWpUHVVDQW GH






/H VHFRQG FKDSLWUH SUpVHQWHUD OHV GLIIpUHQWV SURWRFROHV GH V\QWKqVH DLQVL TXH OHV




FDUERUpGXFWLRQ GH O¶KDIQLH &H FRPSRVp SRVVpGDQW OD PrPH VWUXFWXUH FULVWDOOLQH TXH OD
]LUFRQH FHV GHX[ V\VWqPHV VHURQW SDU FRQVpTXHQW FRPSDUpV HW WUDLWpV VLPXOWDQpPHQW&HWWH
pWXGH GRQQHUD OLHX pJDOHPHQW GDQV OH PrPH FKDSLWUH j O¶LGHQWLILFDWLRQ GHV GRPDLQHV GH
VWDELOLWp GHV VROXWLRQV VROLGHV GHV SKDVHV R[\FDUEXUHV =U&[2\ HW +I&[2\ SDU UpGXFWLRQ
FDUERWKHUPLTXH/DFRPSLODWLRQGHVGRQQpHVGH ODOLWWpUDWXUHODLVVHVXSSRVHUTXHO¶pOpYDWLRQ
GH WHPSpUDWXUH GH WUDLWHPHQW WKHUPLTXH IDFLOLWH O¶LQFRUSRUDWLRQ G¶R[\JqQH GDQV OH UpVHDX
FXELTXHjIDFHVFHQWUpHVGHO¶R[\FDUEXUH/HVERUQHVGHFHVGRPDLQHVGHVWDELOLWpFRQVWLWXHQW
GHVGRQQpHVGLDJUDPPDWLTXHVQpFHVVDLUHV j ODPRGpOLVDWLRQ WKHUPRG\QDPLTXHGHV V\VWqPHV
WHUQDLUHV0H&2
'HSDUVDFRPSOH[LWpOHV\VWqPH7L&2VHUDWUDLWpLQGpSHQGDPPHQWGHVGHX[DXWUHV
(QHIIHW O¶H[LVWHQFHGHSKDVHV VRXVVW°FKLRPpWULTXHVSUpVHQWDQWXQRUGUH ODFXQDLUH SKDVHV
GH0DJQpOLFRPSOLTXHOHVPpFDQLVPHVUpDFWLRQQHOVGHODUpGXFWLRQFDUERWKHUPLTXH/¶pWXGH
VWUXFWXUDOH PHQpH DX ODERUDWRLUH VXU FHWWH UpDFWLRQ D PLV HQ pYLGHQFH XQH UpGXFWLRQ
SURJUHVVLYHGHVSKDVHVGH0DJQpOL YHUVXQFRPSRVpGH IRUPXOH7L2&HWWH IRUPH ODSOXV
UpGXLWHVHUDLWYUDLVHPEODEOHPHQWHQpTXLOLEUHDYHFODSKDVHR[\FDUEXUH7L&[2\/DSUHPLqUH
SDUWLH VHUD FRQVDFUpH j O¶pWXGH GHV pFKDQWLOORQV SXOYpUXOHQWV HW OH SUHPLHU REMHFWLI VHUD GH
GpPRQWUHU TXH OH GRPDLQH GH VWDELOLWp GH OD VROXWLRQ VROLGH GH O¶R[\FDUEXUH GH WLWDQH HVW
FRPSOHWjKDXWHWHPSpUDWXUHHQWUHOHVFRPSRVpV7L&HW7L2/DVHFRQGHSDUWLHGXWURLVLqPH










FRPSRVHQW &KDTXH GLDJUDPPH ELQDLUH 0pWDO2[\JqQH HW 0pWDO&DUERQH D\DQW GpMj IDLW
O¶REMHWGHSOXVLHXUV WUDYDX[GDQV OD OLWWpUDWXUH ODVHFRQGHSDUWLHGHFHFKDSLWUHV¶DWWDFKHUDj
SUpVHQWHU OHV GLDJUDPPHV GH SKDVHV RSWLPLVpV UHWHQXV (Q HIIHW OD PRGpOLVDWLRQ G¶XQ
GLDJUDPPH WHUQDLUH QpFHVVLWH XQH SDUIDLWH FRPSDWLELOLWp HQWUH OHV GLIIpUHQWVPRGqOHV XWLOLVpV
SRXU OHV GLDJUDPPHV ELQDLUHV 3DU FRQVpTXHQW HW FRPPH QRXV O¶DYRQV GpMj VRXOLJQp
SUpFpGHPPHQW FHWWH SDUWLH FRQVWLWXH QRQ VHXOHPHQW XQH SUpVHQWDWLRQ GHV GRQQpHV GH OD








































7L2 1RXV SUpVHQWHURQV WRXU j WRXU OHV SURWRFROHV GH V\QWKqVH UHWHQXV SRXU IRUPHU GHV
SKDVHVR[\FDUEXUHVGHFRPSRVLWLRQVYDULDEOHVGDQVGLIIpUHQWVV\VWqPHVFKLPLTXHV=U2&
+I2& HW 7L2& &HWWH VHFRQGH SDUWLH V¶DWWDFKHUD SOXV SDUWLFXOLqUHPHQW j SUpVHQWHU OHV
FDUDFWpULVWLTXHV PRUSKRORJLTXHV HW VWUXFWXUDOHV GH FKDTXH UpDFWLI XWLOLVp VRXV IRUPH
SXOYpUXOHQWH























G¶XQPRQWDJH șș GH W\SH%UDJJ%UHQWDQR&HW DSSDUHLO HVW pTXLSp G¶XQPRQRFKURPDWHXU
DYDQWGHJHUPDQLXPGHW\SH-RKDQVVRQSHUPHWWDQWGHVpOHFWLRQQHUVHXOHPHQWODUDGLDWLRQ.Į
GX FXLYUH 'H SOXV XQ PRQRFKURPDWHXU DUULqUH SHUPHW GH UHWLUHU OH UD\RQQHPHQW GH
IOXRUHVFHQFH/¶XWLOLVDWLRQG¶XQ UD\RQQHPHQW;SXUHPHQWPRQRFKURPDWLTXH .Į DSHUPLV
G¶HIIHFWXHUDYHFSUpFLVLRQWRXVOHVDIILQHPHQWVGHSDUDPqWUHVGHPDLOOHDLQVLTXHOHVGRVDJHV




/¶LGHQWLILFDWLRQ GHV SKDVHV SUpVHQWHV DX VHLQ GH FKDTXH ORW GH SRXGUH REWHQX SDU
UpGXFWLRQ FDUERWKHUPLTXH D pWp UpDOLVpH j O¶DLGH GX ORJLFLHO (9$ %UXNHU .DUOVUXKH
$OOHPDJQH/HSRVLWLRQQHPHQWGHVUDLHVGHGLIIUDFWLRQHQșHVWFRUUpOpSDUODORLGH%UDJJ







$YDQW G¶rWUH PpODQJpH OD SRXGUH G¶DOXPLQH D VXEL XQ WUDLWHPHQW WKHUPLTXH GH
FDOFLQDWLRQGDQVXQFUHXVHWGHPrPHFRPSRVLWLRQj&SHQGDQWXQHKHXUHVRXVDLUGDQV




FRPSRVpV RUJDQLTXHV pYHQWXHOOHPHQW SUpVHQWH /H GLDJUDPPH GH GLIIUDFWLRQ GHV UD\RQV ;
REWHQXVXUFHWpFKDQWLOORQHVWSUpVHQWpHQ)LJXUH/¶DOXPLQHHVWFULVWDOOLVpHVRXVODYDULpWp
FRULQGRQ)LFKH-&3'6GHJURXSHG¶HVSDFH5F/HFKRL[GHFHWpWDORQUHSRVH







/¶pODUJLVVHPHQW GHV UDLHV GH GLIIUDFWLRQ HVW HQ SUHPLHU OLHX OLp j OD IRQFWLRQ GH
UpVROXWLRQLQVWUXPHQWDOH,5)GXGLIIUDFWRPqWUHXWLOLVpPDLVLOHVWpJDOHPHQWOLpjGLIIpUHQWV
SDUDPqWUHV VWUXFWXUDX[ LQKpUHQWV DX PDWpULDX pWXGLp WHOV TXH OD WDLOOH GHV FULVWDOOLWHV OHV
PLFURFRQWUDLQWHVHWOHVLQKRPRJpQpLWpVGHFRPSRVLWLRQFKLPLTXHVGHVSKDVHVHQSUpVHQFH3DU
FRQVpTXHQW OD IRQFWLRQ GH UpVROXWLRQ LQVWUXPHQWDOHGXGLIIUDFWRPqWUH'$GYDQFH %UXNHU
.DUOVUXKH$OOHPDJQHDpWpFDOFXOpHjO¶DLGHG¶XQpFKDQWLOORQUpIpUHQFHVWDQGDUGSDUIDLWHPHQW
FULVWDOOLVp G¶KH[DERUXUH GH ODQWKDQH /D% $ O¶DLGH GX ORJLFLHO GH VLPXODWLRQ SLF j SLF
3HDFRN OD ODUJHXU jPLKDXWHXU ):+0 )XOO:LGWK DW+DOI0D[LPXP GH FKDTXH UDLH GH
GLIIUDFWLRQGH O¶pFKDQWLOORQGH/D%DpWp FDOFXOpH&HWpODUJLVVHPHQW LQVWUXPHQWDOGHV UDLHV








/D GpWHUPLQDWLRQ GH OD IRQFWLRQ LQVWUXPHQWDOH SHUPHW DORUV SDUIRLV GH TXDQWLILHU
O¶LQIOXHQFH GHV SDUDPqWUHV VWUXFWXUDX[ $LQVL ORUVTX¶XQ pFKDQWLOORQ HVW H[HPSW GH GpIDXWV
VWUXFWXUDX[ GH PLFURFRQWUDLQWHV HW SUpVHQWH XQH ERQQH KRPRJpQpLWp FRPSRVLWLRQQHOOH
O¶pODUJLVVHPHQWGHVUDLHVGHGLIIUDFWLRQSHXWrWUHFRUUpOpjODWDLOOHGHVFULVWDOOLWHVSDUODORLGH
6FKHUUHU





$YHF W OD WDLOOH GHV FULVWDOOLWHV Ȝ OD ORQJXHXU G¶RQGH GX UD\RQQHPHQW LQFLGHQW İ OD




























G¶R[\JqQH HW GH FDUERQH GDQV OD VWUXFWXUH 3DU FRQVpTXHQW HQ XWLOLVDQW XQ pWDORQ LQWHUQH










HW VHXOH OD SRVLWLRQ DQJXODLUH HVW DMXVWpH 'DQV FH W\SH G¶DIILQHPHQW OD WRWDOLWp GHV UDLHV
FRQVWLWXWLYHVGXGLIIUDFWRJUDPPHHVWSULVHHQFRPSWH(QXWLOLVDQW ODPpWKRGHGHVPRLQGUHV
FDUUpVHWHQDMXVWDQWGLIIpUHQWVSDUDPqWUHVPRGpOLVDWLRQVXUIRQGFRQWLQXSURILOVGHVUDLHVGH






/D PpWKRGH GH 5LHWYHOG HVW XQH PpWKRGH TXL FRQVLGqUH O¶HQVHPEOH GHV UDLHV GX










3DU DLOOHXUV ODPpWKRGH GH VLPXODWLRQ SLF j SLF TXL SHUPHW GH VLPXOHU OHV UDLHV GH
GLIIUDFWLRQG¶XQPrPHGLIIUDFWRJUDPPHLQGpSHQGDPPHQWOHVXQHVGHVDXWUHVDpJDOHPHQWpWp
XWLOLVpH 3RXU FH W\SH G¶pWXGH QRWUH FKRL[ V¶HVW SRUWp VXU OH ORJLFLHO 3HDFRN >@ DILQ GH
VLPXOHU FHUWDLQV GHV GLDJUDPPHV GH GLIIUDFWLRQ GHV UD\RQV ; /D PLVH HQ °XYUH GH FHWWH
PpWKRGH HVW SOXV DLVpH TXH OD VLPXODWLRQ JOREDOH GX GLIIUDFWRJUDPPH SDU OD PpWKRGH GH
5LHWYHOG(OOHSHUPHWHQRXWUHG¶pWXGLHU OHVG\VVLPpWULHVpYHQWXHOOHVGHV UDLHVGHGLIIUDFWLRQ
SULVHV LQGpSHQGDPPHQW OHV XQHV GHV DXWUHV 3DU FRQVpTXHQW FHWWH WHFKQLTXH IXW QRWDPPHQW
XWLOLVpH SRXU REWHQLU LQ ILQH GHV YDOHXUV GH ODUJHXUV j PLKDXWHXU GH FHUWDLQHV UDLHV
FDUDFWpULVWLTXHV GHV GLDJUDPPHV GH GLIIUDFWLRQ /D PRGpOLVDWLRQ GH FHV SURILOV GH UDLHV
FRQVWLWXH XQH pWDSH LPSRUWDQWH SHUPHWWDQW G¶DIILUPHU RX G¶LQILUPHU GH O¶KpWpURJpQpLWp
FRPSRVLWLRQQHOOHGHVGLIIpUHQWVORWVGHSRXGUHV
(QFRXSODQW ODGLIIUDFWLRQGHV UD\RQV;DYHFGLIIpUHQWHVPpWKRGHVGHFDUDFWpULVDWLRQ
GHV PDWpULDX[ SXOYpUXOHQWV %(7 0(7 LO HVW SRVVLEOH GH GpWHUPLQHU OD FRQWULEXWLRQ GH













SKpQRPqQHV SK\VLFRFKLPLTXHV FDUDFWpULVWLTXHV GH O¶pFKDQWLOORQ SHUPHW GH JpQpUDOLVHU FHV
WHQGDQFHV j O¶pFKHOOH JOREDOH GH O¶pFKDQWLOORQ &HWWH WHFKQLTXH SHUPHW GH YLVXDOLVHU
VLPXOWDQpPHQW OHV UpDFWLIVHW OHVSURGXLWVG¶XQH UpDFWLRQFKLPLTXHHWGH OHVFDUDFWpULVHUj OD
IRLV G¶XQSRLQW GH YXH VWUXFWXUDO SDU OD GLIIUDFWLRQ GHV pOHFWURQV HQ DLUH VpOHFWLRQQpH HW SDU
DQDO\VHFKLPLTXHORFDOHVSHFWURPpWULHGHV5;jGLVSHUVLRQG¶pQHUJLH3DUFRQVpTXHQWFHWWH
WHFKQLTXH HVW DGDSWpH j O¶pWXGH GHV PpFDQLVPHV UpDFWLRQQHOV UpJLVVDQW OHV UpDFWLRQV GH
FDUERUpGXFWLRQ DLQVL TXH FHX[ LPSOLTXpV ORUV GHV UpDFWLRQV HQWUH OHV FDUEXUHV0&[ HW OHXUV
R[\GHVUHODWLIV0H20H =U+I7L
, 3UpSDUDWLRQGHVpFKDQWLOORQV
'XUDQW OD SUHPLqUH SDUWLH GH FHWWH pWXGH OHV PDWpULDX[ REVHUYpV SDU PLFURVFRSLH
pOHFWURQLTXHHQWUDQVPLVVLRQVHSUpVHQWDLHQWVRXVIRUPHSXOYpUXOHQWH/HVpFKDQWLOORQV0(7
GHV UpDFWLIV GH GpSDUW XWLOLVpV ORUV GHV GLIIpUHQWHV UpGXFWLRQV FDUERWKHUPLTXHV DLQVL TXH OHV
SKDVHV R[\FDUEXUHV V\QWKpWLVpHV RQW pWp SUpSDUpV GHPDQLqUH LGHQWLTXH&HVPDWpULDX[ VRXV
IRUPHGH SRXGUH RQW WRXW G¶DERUG pWp EUR\pV GDQV XQPRUWLHU HQ DJDWH DILQ GH UpDOLVHU GHV




$X FRXUV GH OD VHFRQGH SDUWLH GH FH WUDYDLO OHVPDWpULDX[ pWXGLpV FRQFHUQDLHQW GHV
FpUDPLTXHV PDVVLYHV G¶R[\GHV 0H2 HW GH FDUEXUHV 0H&[ HQWUH OHVTXHOOHV XQH UpDFWLRQ




PLFURPqWUHV DILQ G¶REWHQLU GHV FDUUpV GH PPGH F{Wp HW G¶HQYLURQPLFURPqWUHV
G¶pSDLVVHXU&HWWHODPHHVWHQVXLWHDPLQFLHSDUSROLVVDJHVVXFFHVVLIVGHVGHX[IDFHVjO¶DLGH
G¶XQWULSRGHHWGHGLVTXHVHQUpVLQHGLDPDQWpHȝPSRXUDWWHLQGUHXQH
pSDLVVHXU ILQDOH FRPSULVH HQWUH HW PLFURPqWUHV8QHFXYHWWH HVW DORUV FUHXVpH VXU OHV
IDFHV HQ XWLOLVDQW XQ GLPSOHU 8QH URXH HQ ODLWRQ HW GH OD SkWH GLDPDQWpH FRQWHQDQW GHV
SDUWLFXOHV GH PLFURPqWUHV GH GLDPqWUHPR\HQ VRQW GDQV XQ SUHPLHU WHPSV XWLOLVpHV SRXU
FUpHU FHWWH FXYHWWH /¶pWDW GH VXUIDFH GH FHWWH FXYHWWH HVW HQVXLWH DPpOLRUp HQ XWLOLVDQW GHX[




PLFURPqWUH (QILQ XQ WURX HVW SHUFp DX FHQWUH GH O¶pFKDQWLOORQ j O¶DLGH G¶XQ DPLQFLVVHXU
LRQLTXH3,36*DWDQ,QF3UHVDQWRQ(WDWV8QLV'HX[FDQRQVSODFpVGHSDUWHWG¶DXWUH
GHO¶pFKDQWLOORQHQURWDWLRQERPEDUGHQWFHOXLFLG¶LRQVDUJRQDFFpOpUpVVRXVXQHGLIIpUHQFHGH













GXUDQW FHWWH pWXGH /D UpSDUWLWLRQ JUDQXORPpWULTXH D SX rWUH TXDQWLILpH DSUqV UpYpODWLRQ
FKLPLTXH GHV MRLQWV GH JUDLQV j O¶DLGH G¶XQH VROXWLRQ GH0XUDNDPL SRUWpH HQ WHPSpUDWXUH
SURFKHGH&/HVGLIIpUHQWVR[\GHVpWXGLpVQ¶pWDQWTXHSHXFRQGXFWHXUVXQHFRXFKHGH




/D VW°FKLRPpWULH HQ FDUERQH [ GHV R[\FDUEXUHV 0H&[2\ D pWp TXDQWLILpH SDU
DQDO\VHV FKLPLTXHV pOpPHQWDLUHV &HV DQDO\VHV RQW pWp HIIHFWXpHV j O¶,QVWLWXW GHV 6FLHQFHV





/H GRVDJH GX FDUERQH QH SHXW rWUH UHOLp j OD VW°FKLRPpWULH GX FRPSRVp TXH VL
O¶pFKDQWLOORQHVWH[HPSWGHFDUERQHOLEUHFDUERQHUpVLGXHOQRQOLpjODSKDVHR[\FDUEXUHHWVL
O¶pFKDQWLOORQ SUpVHQWH XQH FRPSRVLWLRQ FKLPLTXH KRPRJqQH /D SUpVHQFH pYHQWXHOOH GH
FDUERQH OLEUH HVW DLVpPHQW GpFHODEOH SDU0(7 XQ WUqV IDLEOH SRXUFHQWDJHPRODLUH HQ H[FqV
HQJHQGUDQW XQ IRUW SRXUFHQWDJH YROXPLTXH FRPSWH WHQX GH OD IDLEOH PDVVH PRODLUH GX
FDUERQH/¶KRPRJpQpLWpFRPSRVLWLRQQHOOHDpWpYpULILpHSDU OHVYDOHXUVGH O¶pODUJLVVHPHQW j
PLKDXWHXUGHVUDLHVGHGLIIUDFWLRQ&HVSUpFDXWLRQVD\DQWpWpSULVHVOHSRXUFHQWDJHPDVVLTXH
GH FDUERQH GDQV OH UpVHDX GHV R[\FDUEXUHV SHXW rWUH GpWHUPLQp SDU DQDO\VH FKLPLTXH
pOpPHQWDLUH /¶HUUHXU UHODWLYH FRPPLVH VXU ODPHVXUH GHV pFKDQWLOORQV FRQWHQDQW HQWUH  HW




HVW TXDQWLILp SDU XQ GpWHFWHXU LQIUDURXJH &HWWH PpWKRGH SHUPHW pJDOHPHQW G¶HIIHFWXHU XQH
FRPEXVWLRQSDUWLHOOHGH O¶pFKDQWLOORQj&DILQGHPHVXUHU ODTXDQWLWpGHFDUERQH OLEUH
SUpVHQWHGDQVOHORWGHSRXGUH
, 'RVDJHGHO¶R[\JqQH


















&RPPHQRXV O¶DYRQVYXSUpFpGHPPHQW OD UpDFWLRQJOREDOHGH FDUERUpGXFWLRQLQGXLW
XQGpJDJHPHQWJD]HX[GHPRQR[\GHGHFDUERQHVHORQODUpDFWLRQVXLYDQWH
0H2V&VÆ0H&V&2J  (T
&HWWH SHUWH GHPDVVH GXPpODQJH UpDFWLRQQHO SHUPHW GHPHVXUHU O¶DYDQFHPHQW GH OD
UpDFWLRQȟGpILQLFRPPHOHUDSSRUWGHODSHUWHGHPDVVHH[SpULPHQWDOHVXUODSHUWHGHPDVVH
WKpRULTXH(T&HWWHYDOHXUSHXWSUHQGUHGHVYDOHXUVFRPSULVHVHQWUHHW




OD FLQpWLTXH GH OD UpDFWLRQ Q¶RQW SDV HQFRUH pWp GpILQLHV GHPDQLqUH H[SOLFLWH $ O¶LQYHUVH
FHOOHVGHVFDUEXUHVGH]LUFRQLXPHWGHWLWDQHRQWIDLWO¶REMHWGHWUDYDX[SUpOLPLQDLUHVPHQpVDX
VHLQGXODERUDWRLUH0DWKLHX*HQGUH>@HW-pUpP\'DYLG>@/H7DEOHDXSUpVHQWHOHV









VRQW YDODEOHV TX¶HQ WKpRULH (Q HIIHW FRPPH LO D pWp SUpFLVp GDQV OH SUHPLHU FKDSLWUH OH








'DQV XQ SUHPLHU WHPSV OHV PDVVHV GH UpDFWLIV GH GpSDUW j VDYRLU G¶R[\GH HW GH
FDUERQHRQWpWpSUpDODEOHPHQWFDOFXOpHVHQVHEDVDQWVXUO¶pTXDWLRQJpQpUDOHGHODUpGXFWLRQ
FDUERWKHUPLTXH (T  ,O HVW SRVVLEOHGH FDOFXOHU OHVPDVVHV UHVSHFWLYHVGH UpDFWLIVSRXU
XQHPDVVHWRWDOHGHPpODQJHPGHODIDoRQVXLYDQWH












R00H2 HVW ODPDVVHPRODLUH GH O¶R[\GH FRQVLGpUp0& HVW ODPDVVHPRODLUH GX FDUERQH
0&2FHOOHGXPRQR[\GHGHFDUERQHHWPODPDVVHWRWDOHGHPpODQJH
/HVUpDFWLIVVRQWHQVXLWHSHVpVGDQVOHVSURSRUWLRQVpWDEOLHVjO¶DLGHG¶XQHEDODQFHGH




LQWLPH HQWUH OHV GHX[ UpDFWLIV 8QH UpSpWLWLRQ GH  F\FOHV GH  PLQXWH j  WRXUVPLQ
HQWUHFRXSpV GH  PLQXWHV GH SDXVH SHUPHW G¶REWHQLU XQH UpSDUWLWLRQ KRPRJqQH GHV GHX[
UpDFWLIVDXVHLQGHODWRWDOLWpGXPpODQJH
&H PpODQJH HVW HQVXLWH SODFp GDQV XQ FUHXVHW HQ FDUERQH YLWUHX[ SXLV SHVp DYDQW
WUDLWHPHQW WKHUPLTXH VRXV EDOD\DJH G¶DUJRQ /HPpODQJH GHV UpDFWLIV DX EUR\HXU SODQpWDLUH
HQWUDLQHXQHSHUWHGHPDWLqUHFRPSULVHHQWUHHWPJTXLV¶DYqUHLQKpUHQWHjODPpWKRGH
G¶KRPRJpQpLVDWLRQSDUYRLHVqFKHHQWUHHWGHODPDVVHLQLWLDOHP/DSHUWHGHPDVVH





7RXWHV OHV V\QWKqVHV RQW HQ FRPPXQ OH PrPH QRLU GH IXPp XWLOLVp FRPPH XQLTXH




























/¶DQDO\VH SDU JUDQXORPpWULH ODVHU )LJXUH  PRQWUH TXH OD UpSDUWLWLRQ
JUDQXORPpWULTXHHQQRPEUHGHVSDUWLFXOHVGH]LUFRQHHVWFHQWUpHDXWRXUGHPLFURPqWUHV
/HVREVHUYDWLRQVHIIHFWXpHVSDU0LFURVFRSLH(OHFWURQLTXHHQ7UDQVPLVVLRQFRQILUPHQW
XQH WDLOOH PR\HQQH GH FULVWDOOLWHV SURFKH GH  QP /HV SDUWLFXOHV GH ]LUFRQH VXU OD
)LJXUHQHSUpVHQWHQWSDVGHIRUPHSDUWLFXOLqUHHWSHXYHQWrWUHTXDOLILpHVGH[pQRPRUSKHV
/H GLDJUDPPH GH GLIIUDFWLRQ pOHFWURQLTXH REWHQX SDU VpOHFWLRQ G¶DLUH VXU FHWWH UpJLRQ















































PDVVH OLpH DX GpJDJHPHQW JD]HX[ GH PRQR[\GH GH FDUERQH IXW PHVXUpH DSUqV WUDLWHPHQW
WKHUPLTXHDILQGHV¶DVVXUHUTXHO¶DYDQFHPHQWGHODUpDFWLRQHVWELHQpJDOj
/H7DEOHDXSUpVHQWH OHV VW°FKLRPpWULHVYLVpHVGHVR[\FDUEXUHVGH ]LUFRQLXPDLQVL
TXHOHVFDUDFWpULVWLTXHVUHVSHFWLYHVGHVGLIIpUHQWVWUDLWHPHQWVWKHUPLTXHVHIIHFWXpVj&
&HW&&HVWUDYDX[VHEDVHQWVXUOHVFLQpWLTXHVGHUpDFWLRQSUpDODEOHPHQWpWDEOLHV
SDU 0DWKLHX *HQGUH GXUDQW VD WKqVH >@ &H GHUQLHU DYDLW SOXV SDUWLFXOLqUHPHQW pWXGLp
O¶pWHQGXH GH OD VROXWLRQ VROLGH j & 'DQV XQ VRXFL G¶KRPRJpQpLWp GHV UpVXOWDWV FHV
V\QWKqVHV RQW pWp j QRXYHDX HIIHFWXpHV DILQ G¶XQH SDUW GH YpULILHU OD UHSURGXFWLELOLWp GHV
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=U&2 ; ; ;KGHUHFXLW
=U&2  ; ;KGHUHFXLW
=U&2  ; ;KGHUHFXLW






DSUqV OHSUHPLHU WKHUPLTXHG¶XQHKHXUH6L O¶pTXLOLEUH WKHUPRG\QDPLTXHVHPEOHrWUHDWWHLQW
SRXU GHV FRPSRVLWLRQV YLVpHV ULFKHV HQ FDUERQH OHV FRPSRVLWLRQV YLVpHV OHV SOXV ULFKHV HQ
R[\JqQHSUpVHQWHQWGHOD]LUFRQHUpVLGXHOOH$ILQGHVWDWXHUVLODSUpVHQFHGXGLR[\GHUpVLGXHO
HVWG¶RUGUHWKHUPRG\QDPLTXHpWDWG¶pTXLOLEUHHQWUHODSKDVHR[\FDUEXUHHWR[\GHDWWHLQWRX
G¶RUGUH FLQpWLTXH OD UpDFWLRQ Q¶pWDQW SDV HQFRUH DFKHYpH XQ VHFRQG WUDLWHPHQW WKHUPLTXH
LGHQWLTXHDXSUHPLHUVXLYLG¶XQHDQDO\VHHQ'5;RQWpWpHIIHFWXpV/D)LJXUHSUpVHQWHj
WLWUHG¶H[HPSOH OHVGLDJUDPPHVGHGLIIUDFWLRQGHV UD\RQV;REWHQXV VXUXQHPrPHSRXGUH
G¶R[\FDUEXUHGH]LUFRQLXPGHFRPSRVLWLRQYLVpH=U&2D\DQWVXELXQSUHPLHUWUDLWHPHQW
WKHUPLTXH FRXUEH QRLUH VXU OD )LJXUH  HW D\DQW VXEL GHX[ WUDLWHPHQWV WKHUPLTXHV





j VRQ WHUPH DSUqV OH SUHPLHU WUDLWHPHQW WKHUPLTXH 3DU DLOOHXUV OD YDOHXU PHVXUpH GX
SDUDPqWUH GH O¶R[\FDUEXUH GH ]LUFRQLXP j OD VXLWH GX SUHPLHU WUDLWHPHQW WKHUPLTXH
D c GLPLQXH GH IDoRQ VLJQLILFDWLYH DSUqV UHFXLW D  c &HWWH REVHUYDWLRQ
WUDGXLW XQH PRGLILFDWLRQ GH OD FRPSRVLWLRQ FKLPLTXH GH OD SKDVH R[\FDUEXUH HW SOXV
SDUWLFXOLqUHPHQWXQHQULFKLVVHPHQWHQR[\JqQH(QFRQVpTXHQFHFKDTXHpFKDQWLOORQULFKHHQ












9HFVWDU &KHVWHUILHOG 5R\DXPH8QL GXUDQW XQH GXUpH GH  KHXUHV DILQ G¶pOLPLQHU WRXWHV
WUDFHVGHSUpFXUVHXUVLQLWLDX[


















FRQWULEXWLRQ OLpHj OD IRQFWLRQGHUpVROXWLRQ LQVWUXPHQWDOH ,5)DpWpGpWHUPLQpH ORUVG¶XQH
pWXGH DQWpULHXUH HQ XWLOLVDQW XQ VWDQGDUG SDUIDLWHPHQW FULVWDOOLVp G¶KH[DERUXUH GH ODQWKDQH






/¶pWXGHPHQpH SDUPLFURVFRSLH pOHFWURQLTXH HQ WUDQVPLVVLRQ FRQILUPH TXH OH ORW GH
SRXGUHHVWFRQVWLWXpGHSDUWLFXOHVpOpPHQWDLUHVG¶XQHWDLOOHSURFKHGHQP)LJXUHD/H
GLDJUDPPH GH GLIIUDFWLRQ pOHFWURQLTXH SRO\FULVWDOOLQ FRQILUPH OD VWUXFWXUH PRQRFOLQLTXH
REVHUYpHHQGLIIUDFWLRQGHVUD\RQV;*URXSHG¶HVSDFH3FFRPPHHQDWWHVWHODSUpVHQFH
GXSUHPLHUFHUFOHDVVLPLOpjODIDPLOOHGHSODQ/D)LJXUHEPHWpJDOHPHQWHQDYDQWOD


















































OLWWpUDWXUH LO HVW QpFHVVDLUH GDQV XQ SUHPLHU WHPSV GH GpWHUPLQHU OHV FRQGLWLRQV
H[SpULPHQWDOHV WHPSpUDWXUH HW WHPSV GH SDOLHU UHTXLVHV SRXU DWWHLQGUH XQ DYDQFHPHQW GH
UpDFWLRQȟpJDOj&KDTXHORWGHSRXGUHIXWPpODQJpGDQVOHVSURSRUWLRQVVW°FKLRPpWULTXHV
FI 7DEOHDX  DILQ G¶REWHQLU XQ FDUEXUH G¶KDIQLXP VXSSRVp VW°FKLRPpWULTXH HQ ILQ GH
UpDFWLRQ









    
    
    
    
    
    
    
    
7DEOHDX7DX[G¶DYDQFHPHQWFDOFXOpVSRXUOHVGLIIpUHQWVpFKDQWLOORQVREWHQXVSDU
FDUERUpGXFWLRQGHO¶KDIQLHHWOHXUVWUDLWHPHQWVWKHUPLTXHVDVVRFLpV
/¶DQDO\VH SRVWPRUWHP SDU '5; HW 0(7 GHV pFKDQWLOORQV SUpVHQWDQW XQ GHJUp
G¶DYDQFHPHQWYDULDEOHDSHUPLVGHVXLYUHODUpDFWLRQFKLPLTXHHWG¶DQDO\VHUOHVPpFDQLVPHV
UpDFWLRQQHOV LPSOLTXpV ORUV GH OD UpGXFWLRQ FDUERWKHUPLTXH GH O¶KDIQLH 3RXU FHOD OHV
pFKDQWLOORQV WUDLWpV WKHUPLTXHPHQW j & VRQW GH ERQV FDQGLGDWV FDU LOV SUpVHQWHQW XQ
pWDOHPHQWLPSRUWDQWGHVYDOHXUVG¶DYDQFHPHQWVȟ
,,7UDLWHPHQWVWKHUPLTXHVDSSOLTXpV
(Q VH EDVDQW VXU O¶pWXGH FLQpWLTXH SUpOLPLQDLUH PHQpH j GLIIpUHQWHV WHPSpUDWXUHV





IXPpH LQWURGXLWHV GDQV OH V\VWqPH SHUPHW GH PRGLILHU OD VW°FKLRPpWULH GH O¶R[\FDUEXUH
G¶KDIQLXP ILQDO V\QWKpWLVp SDU UpGXFWLRQ FDUERWKHUPLTXH /HV FDUDFWpULVWLTXHV GHV GLIIpUHQWV
WUDLWHPHQWVWKHUPLTXHVVRQWSUpVHQWpHVGDQVOH7DEOHDX/HVGLIIpUHQWVWHPSVGHSDOLHURQW
YRORQWDLUHPHQWpWpSURORQJpVKHXUHVDILQGHV¶DVVXUHUG¶REWHQLUXQDYDQFHPHQWGHUpDFWLRQ
pJDO j  (Q HIIHW XQ DOORQJHPHQW GX WHPSV GH SDOLHU HVW XQPR\HQ GH V¶DEVWHQLU GH WRXWH
YDULDWLRQ FRPSRVLWLRQQHOOH DX VHLQ GX PLOLHX UpDFWLRQQHO HW GH VH UDSSURFKHU G¶XQ pWDW






























/D GLVWULEXWLRQ JUDQXORPpWULTXHPRQRPRGDOH GH OD SRXGUH HVW FHQWUpH DXWRXU G¶XQH
FHQWDLQHGHQDQRPqWUHV)LJXUH
/HVREVHUYDWLRQVPHQpHVSDU0LFURVFRSLH(OHFWURQLTXHHQ7UDQVPLVVLRQMXVWLILHQWOHV


































WHPSpUDWXUHVGLVWLQFWHV &HW &(QVHEDVDQW VXU O¶pWXGHFLQpWLTXHSUpOLPLQDLUH
pWDEOLH SDU - 'DYLG GXUDQW VD WKqVH >@ HW HQ SDUWLFXOLHU VXU OHV YDOHXUV G¶DYDQFHPHQWV
FDOFXOpHVHQIRQFWLRQGHODWHPSpUDWXUHHWGXWHPSVGHWUDLWHPHQWWKHUPLTXHGHX[LVRWKHUPHV
GX GLDJUDPPHGH SKDVH WHUQDLUH7L&2RQW DLQVL SX rWUH LQYHVWLHV8QH IRLV KRPRJpQpLVp
FKDTXH PpODQJH GH SRXGUH IXW SODFp GDQV XQ FUHXVHW HQ FDUERQH YLWUHX[ DILQ GH VXELU XQ
WUDLWHPHQW WKHUPLTXH GDQV XQ IRXU j UpVLVWDQFH JUDSKLWH 9$6 $(7 7HFKQRORJLHV
5DPERXLOOHW )UDQFH VRXV EDOD\DJH G¶DUJRQ /HV FDUDFWpULVWLTXHV HW OHV WHPSV GH SDOLHU GH






























SXOYpUXOHQWV SODFpV GDQV XQ FUHXVHW HQ FDUERQH YLWUHX[ OXLPrPH SODFp GDQV XQH ERLWH HQ
JUDSKLWHHWVRXPLVjXQWUDLWHPHQWWKHUPLTXHVRXV$UJRQGDQVXQIRXUjUpVLVWDQFHJUDSKLWH
/D SUHVVLRQ SDUWLHOOH GH &2 Q¶D\DQW SX rWUH IL[pH HW FRQWU{OpH H[SpULPHQWDOHPHQW OHV
pFKDQJHV JD]HX[ DYHF O¶DWPRVSKqUH HQYLURQQDQWH G¶DUJRQ VRQW SRVVLEOHV (Q FRQVpTXHQFH






GDQV OD QDWXUH GHV SURFHVVXV GH GLIIXVLRQ PLV HQ MHX SRXU DVVLVWHU OD IRUPDWLRQ GHV
R[\FDUEXUHVOHVUpDFWLRQVSRXYDQWDORUVSUHQGUHXQFDUDFWqUHVROLGHVROLGH
/HV GRQQpHV GH OD OLWWpUDWXUH >±@ PHQWLRQQHQW O¶H[LVWHQFH GH SKDVHV
LQWHUPpGLDLUHVSKDVHVGH0DJQpOLUpVXOWDQWGHODUpGXFWLRQSURJUHVVLYHGXGLR[\GHGHWLWDQH
/DSKDVHODSOXVUpGXLWHGHFHWWHVpTXHQFHUpDFWLRQQHOOHVHPEOHrWUHHQpTXLOLEUHDYHFODSKDVH
R[\FDUEXUH GH FRPSRVLWLRQ GRQQpH QXFOpDQW DX[ DOHQWRXUV GHV UpJLRQV ULFKHV HQ FDUERQH
/¶pWXGHGH OD UpDFWLYLWp GHPRQROLWKHVGH7L27L&GRLW SHUPHWWUHGH VXLYUH FHWWH VpTXHQFH








FRPSDUDLVRQ GHV VpTXHQFHV UpDFWLRQQHOOHV PLVHV HQ pYLGHQFH VHUD GLVFXWpH GDQV OD SDUWLH
&KDSLWUH,,GX&KDSLWUH






IULWWDJH QRQFRQYHQWLRQQHOOH XWLOLVDQW XQ FKDPS pOHFWULTXH DSSOLTXp GLUHFWHPHQW VXU
O¶pFKDQWLOORQ &HWWH WHFKQLTXH D IDLW O¶REMHW GH EUHYHWV >@ GDQV OHV DQQpHV  HW
FRQQDLW DFWXHOOHPHQW XQ HVVRU FRQVLGpUDEOH (OOH D SHUPLV G¶DFFpOpUHU OHV FLQpWLTXHV GH
GHQVLILFDWLRQ DLQVL TXH OHV SURSULpWpV PpFDQLTXHV RSWLTXHV« GH SOXVLHXUV W\SHV GH
PDWpULDX[PpWDX[FpUDPLTXHVYHUUHVSRO\PqUHVFRPSRVLWHV




DILQ GH IDFLOLWHU OH GpSODFHPHQW GHV SLVWRQV GXUDQW OH SKpQRPqQH GH GHQVLILFDWLRQ PDLV
pJDOHPHQWDQQLKLOHWRXWHUpDFWLRQHQWUHO¶pFKDQWLOORQHWODPDWULFH/¶pOpYDWLRQGHWHPSpUDWXUH
HVW REWHQXH HQ DSSOLTXDQW XQH VpULH G¶LPSXOVLRQV GH FRXUDQW pOHFWULTXH j O¶H[WUpPLWp GHV
SLVWRQVSDUO¶LQWHUPpGLDLUHGHVpOHFWURGHVDLQVLTXHGHVVSDFHUV&HWWHFDUDFWpULVWLTXHFRQVWLWXH
OD GLIIpUHQFHPDMHXUH DYHF OD WHFKQLTXH GH IULWWDJH VRXV FKDUJH FODVVLTXH R O¶pOpYDWLRQ GH







pOHFWULTXH >@ /¶HQFHLQWH GH WUDYDLO SHXW rWUH SODFpH VRXV DWPRVSKqUH FRQWU{OpH YLGH
SRXVVpEDOD\DJHG¶DUJRQRXG¶D]RWHVHORQOHW\SHG¶pFKDQWLOORQVjPHWWUHHQIRUPH
/HSULQFLSDODYDQWDJHGHFHWWH WHFKQLTXHGHIULWWDJHUHSRVHVXUO¶H[WUrPHUDSLGLWpGHV
WUDLWHPHQWV WKHUPLTXHV (Q HIIHW FH W\SH GHPRQWDJH SHUPHW XQH pOpYDWLRQ GH WHPSpUDWXUH
H[WUrPHPHQWUDSLGHSOXVLHXUVFHQWDLQHVGHGHJUpVSDUPLQXWH/HFRQWU{OHGHODWHPSpUDWXUH
SHXWrWUHHIIHFWXpVRLW j O¶DLGHGH WKHUPRFRXSOHVSODFpVDX FRQWDFWGH OD FRXFKHGHSDS\H[
FKHPLVDQW O¶LQWpULHXU GH OD PDWULFH HQ JUDSKLWH j EDVVH WHPSpUDWXUH VRLW SDU S\URPpWULH
LQIUDURXJHSRLQWDQWVXUODPDWULFHjKDXWHWHPSpUDWXUH
3OXVLHXUV pWXGHV >±@PHQWLRQQHQW O¶H[LVWHQFH GH JUDGLHQWV WKHUPLTXHV DX VHLQ
PrPHG¶XQPrPHpFKDQWLOORQSRXYDQWLQGXLUHXQHGLIIpUHQFHGHPLFURVWUXFWXUHHWLQILQHXQH
GLIIpUHQFH PDFURVFRSLTXH GHV SURSULpWpV GXPDWpULDX 9DQPHHQVHO HW DO >@ RQW PLV HQ
pYLGHQFH OD SUpVHQFH GH JUDGLHQWV GH WHPSpUDWXUH TXH FH VRLW DX VHLQ G¶pFKDQWLOORQV
FRQGXFWHXUV7L1TX¶DXVHLQG¶pFKDQWLOORQVLVRODQWV<=U23DUDLOOHXUVGDQVOHFDVG¶XQ












3ODFpHGDQVXQHPDWULFH F\OLQGULTXHHQ JUDSKLWH ࢥ PP WDSLVVpH DXSUpDODEOH
G¶XQH IHXLOOH GH JUDSKLWH 3DS\H[ &DUERQH /RUUDLQH *HQHYLOOLHUV )UDQFH XQH PDVVH











G¶XQ SURWRFROH GH SROLVVDJH HIILFDFH HW UHSURGXFWLEOH SHUPHWWDQW G¶DWWHLQGUH XQH UXJRVLWp
LQIpULHXUHjODWDLOOHGHVJUDLQVFRQVWLWXWLIVGHVPRQROLWKHVGHFDUEXUH
7RXW G¶DERUG OHVPRQROLWKHV GH FDUEXUH GH WLWDQH RQW pWp SUpSROLV JURVVLqUHPHQW j





PRQROLWKHV VRQWSROLV VXFFHVVLYHPHQWj O¶DLGHGH WURLV VXVSHQVLRQVGLDPDQWpHVGRQW OD WDLOOH
GHV SDUWLFXOHV FRQVWLWXWLYHV GpFURLW SURJUHVVLYHPHQW PLFURQV PLFURQV SXLV PLFURQ
/¶pWDW GH VXUIDFH HVW FRQWU{Op j FKDTXH pWDSH SDU GHV REVHUYDWLRQV UpSpWpHV HQPLFURVFRSLH





/HPRQROLWKH IULWWp D pWp FDUDFWpULVp SDU GLIIUDFWLRQ GHV UD\RQV ; &HV DQDO\VHV RQW
UpYpOpODSUpVHQFHG¶XQHVHXOHSKDVHFULVWDOOLVpHDVVRFLpHDXFDUEXUHGHWLWDQHFXELTXHjIDFHV
FHQWUpHVILFKH-&3'6
/D PLFURVWUXFWXUH G¶XQH VHFWLRQ WUDQVYHUVH GX FDUEXUH GH WLWDQH IULWWp j & D
pJDOHPHQWpWpDQDO\VpHSDU0LFURVFRSLH(OHFWURQLTXHj%D\DODJH)LJXUH8QHUpYpODWLRQ
FKLPLTXHGHVMRLQWVGHJUDLQVDpWpHIIHFWXpHDXSUpDODEOHjO¶DLGHG¶XQHVROXWLRQGH0XUDNDPL
 J GH.2+  J.)H&1 P/ G¶HDX ,PPHUJpH GDQV FHWWH VROXWLRQ FKDXIIpH j
& OHFDUEXUHGH WLWDQH IXWDWWDTXpDSUqVXQHGL]DLQHGHPLQXWHV UpYpODQW ODPRUSKRORJLH






/D SRXGUH GH GLR[\GH GH WLWDQH XWLOLVpH SRXU UpDOLVHU GHV DVVHPEODJHV UpDFWLRQQHOV
7L&7L2HVWH[WUDLWHGXORWSUpVHQWpSUpFpGHPPHQWGDQVODSDUWLH,,GHFHFKDSLWUH(QVH
EDVDQWVXUOHVGRQQpHVGHODOLWWpUDWXUHGHVPRQROLWKHVGH7L2RQWpWpPLVHQIRUPHSDU6SDUN







/¶DQDO\VH SDU GLIIUDFWLRQ GHV UD\RQV; HIIHFWXpH VXU OHVPRQROLWKHV IULWWpV DPRQWUp





GHFHWR[\GHpWDQWJUDQGHPHQW LQIpULHXUHjFHOOHGXFDUEXUHGH WLWDQH ODPLVHHQ°XYUHGHV
FRXSOHV GH UpDFWLRQ Q¶D SDV SX rWUH HIIHFWXpH HQ XWLOLVDQW GHVPRQROLWKHV GH 7L2$ILQ GH








SUpVHQWH VFKpPDWLTXHPHQW TXDWUH FRQILJXUDWLRQV JpRPpWULTXHV GLIIpUHQWHV /H FRQWDFW
UpDFWLRQQHOHQWUHOHVPRQROLWKHVGHVFRQILJXUDWLRQV$HW%IXWDPpOLRUpHQDMRXWDQWXQHPDVVH
IORWWDQWH VH SUpVHQWDQW VRXV OD IRUPH GH SLVWRQV HQ JUDSKLWH XWLOLVDEOHV SDU 6SDUN 3ODVPD
6LQWHULQJ/¶DYDQWDJHSULQFLSDOGHVFRQILJXUDWLRQV&HW'UpVLGHGDQVODSRVVLELOLWpGHYpULILHU
TXHODUpDFWLYLWpGXFDUEXUHDXFRQWDFWGHO¶R[\GHHVWLVRWURSHGDQVOHYROXPHGHVpFKDQWLOORQV
LQLWLDX[ (Q UHYDQFKH O¶LPSRUWDQWH GLIIpUHQFH HQWUH OHV FRHIILFLHQWV GH GLODWDWLRQ WKHUPLTXH
UHVSHFWLIV GH 7L2 HW GH 7L& LQGXLW GH IRUWHV FRQWUDLQWHV PpFDQLTXHV TXL DSUqV WUDLWHPHQW
WKHUPLTXHSURORQJp VH WUDQVIRUPHQW HQ ILVVXUHVPDFURVFRSLTXHV(QFRQVpTXHQFHFHVGHX[
FRQILJXUDWLRQVJpRPpWULTXHVQ¶RQWSXrWUHUHWHQXHVFRPPHGHVVROXWLRQVDGpTXDWHVjO¶pWXGH














GH7L& IULWWpVSDU636HW GH ODSRXGUHGH7L2 SUpFRPSDFWpH&HV UHFXLWV DXUDLHQWSXrWUH
HIIHFWXpV SDU IULWWDJH IODVK PDLV O¶DSSOLFDWLRQ G¶XQ FRXUDQW pOHFWULTXH SHXW LQGXLUH XQH
GLIIpUHQFHGHPRELOLWpGHVGLIIpUHQFHV HVSqFHV DX VHLQGH O¶DVVHPEODJH UpDFWLRQQHO$ILQGH























WKHUPLTXHKKKKKKKXQHpWXGHGH OD UpDFWLYLWpGXFDUEXUHGH WLWDQHHQ
FRQWDFW DYHF VRQ R[\GH DVVRFLp D SX rWUH UpDOLVpH 3DU DLOOHXUV FHV H[SpULPHQWDWLRQV RQW
pJDOHPHQW SHUPLV GH FRPPHUFHU j FRPSUHQGUH OHV PpFDQLVPHV UpDFWLRQQHOV GH OD



































,9E RQW pWp pWXGLpV SDU UpGXFWLRQ FDUERWKHUPLTXH DILQ GH GpWHUPLQHU OHV OLPLWHV KDXWHV HW




FDUERQH HW R[\JqQH GDQV OHV R[\FDUEXUHV pWDQW XQH GHV SULQFLSDOHV GLIILFXOWpV UHQFRQWUpHV





HQR[\JqQHGpULYDQWGH ODVWUXFWXUH UXWLOH OHVSKDVHVGH0DJQpOLGRQW OD IRUPXODWLRQHVWGH
W\SH7LQ2QHWGRQWOHWHUPHXOWLPHOHSOXVUpGXLWHVWHQWKpRULHOHFRPSRVp7L2%LHQTX¶LO
DSSDUDLVVH GH SULPH DERUG SOXV FRPSOH[H TXH OHV V\VWqPHV =U&2 HW +I&2 LO UHVWH XQ
V\VWqPHPRGqOH FDU TXHOTXHV WUDYDX[ RQW PRQWUp TXH OD VROXWLRQ VROLGH 7L&7L2 GRLW rWUH
FRQWLQXH>@2QQRWHUDTX¶LOHVWDORUVSRVVLEOHG¶HQYLVDJHUXQHWUDQVLWLRQFRQWLQXHHQWUH




& ,O V¶DJLUDGHYpULILHUTXH OD VROXWLRQVROLGH7L&7L2HVW FRQWLQXHHWG¶pWDEOLU OHVDEDTXHV
SHUPHWWDQWGHGpILQLUODFRPSRVLWLRQFKLPLTXHGHVR[\FDUEXUHVjSDUWLUGHODYDOHXUSUpFLVHGX
SDUDPqWUHGHPDLOOH'DQVXQVHFRQGWHPSVXQHpWXGHSUpOLPLQDLUHVHUDFRQVDFUpHDXFRXSOH
UpDFWLRQQHO 7L27L& 3DUWDQW GH FpUDPLTXHV PDVVLYHV IULWWpHV DX SUpDODEOH SDU 636 OD















&RPPH QRXV O¶DYRQV UDSSHOp GDQV OH SUHPLHU FKDSLWUH GH FHPDQXVFULW O¶pWXGH GHV




/D )LJXUH D SUpVHQWH OHV GLIIpUHQWV GLIIUDFWRJUDPPHV GHV UD\RQV ; QRUPDOLVpV
REWHQXV VXU OHV SRXGUHV V\QWKpWLVpHV SDU UpGXFWLRQ FDUERWKHUPLTXH HQ IRQFWLRQ GHV YDOHXUV
G¶DYDQFHPHQW GH UpDFWLRQ ȟ 'DQV XQ SUHPLHU WHPSV LO HVW j QRWHU XQH GLPLQXWLRQ
SURJUHVVLYHGHO¶LQWHQVLWpGHVUDLHVGHGLIIUDFWLRQGHO¶KDIQLHPRQRFOLQLTXHILFKH-&3'6





FHV FRQGLWLRQV GH V\QWKqVH (Q UHYDQFKH O¶LQWHQVLWp GHV UDLHV FDUDFWpULVWLTXHV GX FDUEXUH












3RXU FKDTXH pFKDQWLOORQ OH SDUDPqWUH GH PDLOOH GX FDUEXUH G¶KDIQLXP D SX rWUH
GpWHUPLQpGHIDoRQSUpFLVHSDUXQDIILQHPHQWGH/H%DLOGXGLDJUDPPHGH'5;DXPR\HQGX
ORJLFLHO)XOOSURI/HVFRUUHFWLRQVGHSRVLWLRQQHPHQWGH O¶pFKDQWLOORQVXVFHSWLEOHVG¶LQGXLUH
XQ GpFDODJH GHV UDLHV GX GLDJUDPPH RQW pWp DSSRUWpHV HQ LQWURGXLVDQW XQ pWDORQ LQWHUQH
G¶DOXPLQH FI &KDSLWUH  SDUWLH , /D )LJXUH  UHSUpVHQWH O¶pYROXWLRQ GH OD YDOHXU GX
SDUDPqWUH GH PDLOOH REWHQXH SDU OD PpWKRGH G¶DIILQHPHQW GH /H %DLO HQ IRQFWLRQ GH
O¶DYDQFHPHQW GH OD UpDFWLRQ ȟ&HWWH DXJPHQWDWLRQ ELHQTXH IDLEOH HQ FRPSDUDLVRQ DYHF OH
V\VWqPH=U2&HVWXQHQRXYHOOHIRLVOLpHjODSURJUHVVLYHVXEVWLWXWLRQGHVDWRPHVG¶R[\JqQH
SDU FHX[ GH FDUERQH DX VHLQ GX UpVHDX GH O¶R[\FDUEXUH G¶KDIQLXP OH UD\RQ GH O¶DWRPH
G¶R[\JqQH52 cpWDQW LQIpULHXUjFHOXLGHO¶DWRPHGHFDUERQH5& c,OHVW
pJDOHPHQW jQRWHUTXH ODYDOHXUGXSDUDPqWUHGH O¶R[\FDUEXUHG¶KDIQLXPHQ ILQGH UpDFWLRQ











&RQFHUQDQW O¶KDIQLH LO HVW pJDOHPHQW LQWpUHVVDQW GH FRPSDUHU OH GLDJUDPPH GH
GLIIUDFWLRQGHVUD\RQV;GHODSRXGUHGHGpSDUWDYHFFHOXLREWHQXjXQDYDQFHPHQWȟ 







UHYDQFKHFRPPHHQDWWHVWH OD)LJXUH OD IRUPHGH OD UDLHGHGLIIUDFWLRQ pYROXHGH
IDoRQGUDVWLTXHGXUDQW ODPRQWpHHQWHPSpUDWXUH(QHIIHW ODYDOHXUGHOD ODUJHXULQWpJUpHj
PLKDXWHXU DVVRFLpHj OD UDLH GH O¶KDIQLHGHGpSDUWHVW WUqV pOHYpH )ZKP 




















































/H FDUERQH XWLOLVp ORUV GH UpDFWLRQ GH FDUERUpGXFWLRQ G¶R[\GHV GX JURXSH ,9E VH
SUpVHQWHLQLWLDOHPHQWVRXVODIRUPHGHEDOOHVG¶HQYLURQQPFRQVWLWXpHVGHSODQVFDUERQpV
HQURXOpV DXWRXU GX FHQWUH GH OD SDUWLFXOH )LJXUH D /D PRUSKRORJLH GH FHV JUDSSHV GH
FDUERQH WXUERVWUDWLTXH HVW PRGLILpH GXUDQW OD UpDFWLRQ FRPPH HQ DWWHVWH OD )LJXUH E (Q
HIIHW OD SpULSKpULH GH FHV EDOOHV Q¶HVW SOXV OLVVH ODLVVDQW DSSDUDvWUH GHV SODQV FDUERQpV
GpFKLTXHWpV&HWWHREVHUYDWLRQDWWHVWHGHODUpDFWLYLWpHWGHODGpVWDELOLVDWLRQGXQRLUGHIXPpH
GXUDQW OD UpDFWLRQ DYHF O¶DWPRVSKqUH UpGXFWULFH $X FRQWDFW GX GLR[\GH GH FDUERQH









/D )LJXUH  SUpVHQWH O¶pYROXWLRQ PLFURVWUXFWXUDOH GH O¶KDIQLH HQ IRQFWLRQ GH
O¶DYDQFHPHQWGHODUpDFWLRQȟ/¶K\SRWKqVHSUpFpGHPPHQWIRUPXOpHVXLWHDX[DQDO\VHVGHOD
ODUJHXULQWpJUpHjPLKDXWHXUGHVUDLHVGHGLIIUDFWLRQGHVUD\RQV;GHO¶KDIQLHHVWFRQILUPpH
SDU PLFURVFRSLH pOHFWURQLTXH HQ WUDQVPLVVLRQ (Q HIIHW GXUDQW OD PRQWpH HQ WHPSpUDWXUH
ȟOHVSDUWLFXOHVLQLWLDOHVGH+I2VXELVVHQWXQSKpQRPqQHGHFRDOHVFHQFHFRPPH







pOHFWURQLTXH HQ VpOHFWLRQ G¶DLUH D SHUPLV G¶LQGH[HU OHV IDFHV FULVWDOOLQHV H[SULPpHV SDU OD
SDUWLFXOHSUpVHQWpH HQ)LJXUH(QVHEDVDQW VXU OHGLDJUDPPHGHGLIIUDFWLRQpOHFWURQLTXH
DVVRFLp OD )LJXUH  D PRQWUp TXH OHV IDFHV  HW  VRQW UHGUHVVpHV WDQGLV TX¶j
O¶LQYHUVHOHVGHX[DXWUHVIDFHVGHODSDUWLFXOHVRQWREOLTXHVFRPPHHQDWWHVWHODSUpVHQFHGH
IUDQJHVG¶pJDOHVpSDLVVHXUVSDUDOOqOHVj ODGLUHFWLRQ!8QHURWDWLRQSURJUHVVLYHDXWRXU
GH OD UDQJpHEGX UpVHDX UpFLSURTXH GH OD SDUWLFXOH HQ FRQGLWLRQ GH GLIIUDFWLRQ UpYqOH OD
SUpVHQFH GH PDUFKHV FULVWDOOLQHV j OD SpULSKpULH GX FULVWDO YRLU ]RQH FHUFOpH VXU OD )LJXUH
E (Q SRXUVXLYDQW OD URWDWLRQ OHV IDFHWWHV FULVWDOOLQHV TXL OLPLWHQW FHV PDUFKHV VRQW










DYDQFHPHQWDȟ Eȟ Fȟ Gȟ 
/HVGLIIpUHQWHVREVHUYDWLRQVPHQpHVSDUPLFURVFRSLHpOHFWURQLTXHHQWUDQVPLVVLRQVXU
OHVORWVGHSRXGUHVG¶R[\FDUEXUHGH]LUFRQLXPHWG¶KDIQLXPQ¶RQWMDPDLVSHUPLVGHPHWWUHHQ
pYLGHQFH XQ FRQWDFW UpDFWLRQQHO GLUHFW HQWUH O¶R[\GH GH GpSDUW HW OH QRLU GH IXPpH &HV
REVHUYDWLRQV VHPEOHQW HQ ERQQH DGpTXDWLRQ DYHF OHV pWXGHV SUpFpGHPPHQWPHQpHV GDQV OD
OLWWpUDWXUH VXJJpUDQW XQH UpDFWLRQ VROLGHJD] SOXW{W TXH VROLGHVROLGH >@ /¶LQWHUIDFH
+I2FDUERQH pWDQW QRQ UpDFWLYH LO VH SRVH OD TXHVWLRQ GH VDYRLU R VH VLWXH OH VLWH GH




















GHX[ UpDFWLIV VH UpYqOH QRQ UpDFWLI PDOJUp OD SUpVHQFH GHV PDUFKHV FULVWDOOLQHV YRLU ]RQH















8QHDQDO\VHGpWDLOOpHGH FHV UpJLRQVPRQWUHTXH OHV QXFOHL G¶R[\FDUEXUHG¶KDIQLXP
FDUDFWpULVpV SDU GLIIUDFWLRQ pOHFWURQLTXH HQ DLUH VpOHFWLRQQpH SHXYHQW rWUH DVVLPLOpV j GHV
SDUWLFXOHV GH W\SH F°XUFRTXLOOH GRQW OH F°XU HVW FRQVWLWXp G¶XQPRQRFULVWDO G¶R[\FDUEXUH
)LJXUH  D HW E HQYHORSSp SDU XQH JDQJXH DPRUSKH VLWXpH HQ SpULSKpULH GH OD FULVWDOOLWH
)LJXUH F8QH FDUWRJUDSKLH FKLPLTXH HQPRGH67(0 6FDQQLQJ7UDQVPLVVLRQ(OHFWURQ
0LFURVFRS\ DX VHLQ GH FHWWH PrPH UpJLRQ D SHUPLV GH PHWWUH HQ pYLGHQFH OD SUpVHQFH
G¶R[\JqQHDXVHLQGHFHVVWUXFWXUHVF°XUFRTXLOOH)LJXUHG
&HWWH PpWKRGH G¶DQDO\VH QH SHUPHW SDV G¶REWHQLU XQH VW°FKLRPpWULH SUpFLVH GH OD
SKDVHR[\FDUEXUHTXLQXFOpH ,OHVWSDUDLOOHXUVSRVVLEOHTXH O¶R[\JqQHPLVHQpYLGHQFHVRLW
SOXV SDUWLFXOLqUHPHQW FRQILQp GDQV OD JDQJXH DPRUSKH HQWRXUDQW OHV QXFOHL FRPPH F¶pWDLW
GpMjOHFDVGDQVOHV\VWqPH=U2&
/D )LJXUH  PHW HQ pYLGHQFH OH SKpQRPqQH GH JURVVLVVHPHQW GHV SDUWLFXOHV
G¶R[\FDUEXUH G¶KDIQLXP DYHF O¶DYDQFHPHQW GH OD UpDFWLRQ 8Q DJUDQGLVVHPHQW VXU OD















GH FHWWH FRXFKH HQ SpULSKpULH GH FHUWDLQHV FULVWDOOLWHV G¶R[\FDUEXUH FRPPH HQ DWWHVWHQW OHV











/HV REVHUYDWLRQV 0(7 )LJXUH  PHQpHV VXU OHV pFKDQWLOORQV REWHQXV j XQ
DYDQFHPHQWGHUpDFWLRQȟ LQGLTXHQWTXHODFRXFKHDPRUSKHRXSDUWLHOOHPHQWFULVWDOOLVpH
HQSpULSKpULHGHVJUDLQVG¶R[\FDUEXUHG¶KDIQLXPDGLVSDUX6HXOHVTXHOTXHVSDUWLFXOHVLVROpHV
SUpVHQWHQW j OHXU VXUIDFHGHVSHWLWV LORWV TXL UHSUpVHQWHQWGHV UHVWHV GH FHWWH FRXFKH H[WHUQH
)LJXUH  F (Q ILQ GH UpDFWLRQ OHV SDUWLFXOHV G¶KDIQLH RQW FRPSOqWHPHQW GLVSDUX
FRUURERUDQW OHV UpVXOWDWV REWHQXV HQ GLIIUDFWLRQ GHV UD\RQV ; )LJXUH  (Q UHYDQFKH
O¶pFKDQWLOORQ FRQWLHQW GX FDUERQH UpVLGXHO Q¶D\DQW SDV pWp LQFRUSRUp GDQV OH UpVHDX GH
O¶R[\FDUEXUH 3DU FRQVpTXHQW FHWWH REVHUYDWLRQ LPSOLTXH TXH OH SURGXLW ILQDO HVW VRXV
VW°FKLRPpWULTXH HQ FDUERQH /D SKDVH V\QWKpWLVpH HQ ILQ GH UpDFWLRQ HVW SDU FRQVpTXHQW XQ
R[\FDUEXUHG¶KDIQLXPULFKHHQFDUERQHHWQRQXQFDUEXUHVWRHFKLRPpWULTXH
,OHVWjQRWHUTXHOHVFULVWDOOLWHVG¶R[\FDUEXUHG¶KDIQLXPSUpVHQWHQW WRXWHVXQHPrPH
PRUSKRORJLH IDFHWWpH )LJXUH F &H UpVXOWDW VHUD GLVFXWp XOWpULHXUHPHQW PDLV LO GLIIqUH
VLQJXOLqUHPHQW GH FH TXL pWDLW REVHUYp GDQV OH V\VWqPH =U2& GDQV OHTXHO OHV FULVWDOOLWHV
G¶R[\FDUEXUHSUpVHQWDLHQWXQHJpRPpWULHTXHOFRQTXHKDELWXV[pQRPRUSKHHQILQGHUpDFWLRQ
(Q UHYDQFKH FHUWDLQHV SDUWLFXOHV G¶R[\FDUEXUH SUpVHQWHQW XQH PRUSKRORJLH DUURQGLH

















O¶REMHW G¶XQ WUDYDLO DQWpULHXU >@ DXTXHO OH OHFWHXU SHXW VH UpIpUHU FI &KDSLWUH  SDUWLH
,,&HVDXWHXUVRQWGpPRQWUpOHFDUDFWqUHSXUHPHQWUHFRQVWUXFWLIGHFHWWHUpDFWLRQHWPLV
HQ pYLGHQFH XQ SKpQRPqQH GH QXFOpDWLRQ GH OD SKDVH R[\FDUEXUH DX[ DERUGV GH OD SKDVH
FDUERQpH &HWWH pWXGH D pJDOHPHQW UpYpOp TXH OH WUDQVSRUW GHV HVSqFHV YHUV OH VLWH GH
QXFOpDWLRQ VH IDLVDLW YLD XQ YHFWHXU JD]HX[ VH SUpVHQWDQW VRXV OD IRUPH GH PRQR[\GH GH
]LUFRQLXP/D UpDFWLRQ FDUERWKHUPLTXHHVW UpJLH SDUXQH VXFFHVVLRQG¶pTXLOLEUHVPHWWDQW HQ
MHX G¶XQH SDUW GHV HVSqFHV JD]HXVHV HW G¶DXWUH SDUW GHV HVSqFHV VRXV IRUPH VROLGH 8QH











WXUERVWUDWLTXH &HWWH REVHUYDWLRQ VXJJqUH TXH OD UpGXFWLRQ FDUERWKHUPLTXH Q¶HVW SDV XQH
UpDFWLRQVROLGHVROLGHRVHGpYHORSSHOHSURGXLWHQWUHOHVGHX[UpDFWLIV(QHIIHWFRPPHSRXU
OH V\VWqPH &2=U O¶LQWHUYHQWLRQ G¶XQ YHFWHXU JD]HX[ GXUDQW OD IRUPDWLRQ GH OD SKDVH
R[\FDUEXUHVHPEOHrWUHO¶K\SRWKqVHUpDFWLRQQHOOHODSOXVSUREDEOH
/HFDUDFWqUHSXUHPHQWUHFRQVWUXFWLIGHFHWWHUpDFWLRQQHSHUPHWSDVGHV\QWKpWLVHUGHV
SDUWLFXOHV GRQW OD UpSDUWLWLRQ JUDQXORPpWULTXH HVW LQIpULHXUH j  QP &H UpVXOWDW HVW LFL
HQFRUH WUqV VHPEODEOH j FHOXL REWHQX ORUV GH O¶pWXGH GH OD UpGXFWLRQ FDUERWKHUPLTXH GH OD
]LUFRQH>@/DWDLOOHPR\HQQHGXSURGXLWILQDOFHQWUpHDXWRXUGHQPHVWFRPSDUDEOHj
FHOOHREWHQXHGDQV OD OLWWpUDWXUHHQXWLOLVDQWGHVYRLHVGHV\QWKqVHVGLIIpUHQWHV >@
%LHQ TXH OD GLVWULEXWLRQ HQ WDLOOH GHV SDUWLFXOHV G¶R[\FDUEXUH VRLW ODUJH j ȟ    )LJXUH
E OD UpGXFWLRQ FDUERWKHUPLTXH GH O¶KDIQLH QH V¶DYqUH SDV rWUH XQH YRLH GH V\QWKqVH
DGpTXDWHSRXUREWHQLUGHVFULVWDOOLWHVQDQRPpWULTXHV
/¶pWXGHGpWDLOOpHGH ODPRUSKRORJLHGHVSDUWLFXOHVG¶KDIQLHDXFRXUVGH OD UpDFWLRQD
PLV HQ pYLGHQFH XQ SKpQRPqQH GH FRDOHVFHQFH GH FHV GHUQLqUHV GXUDQW OD PRQWpH HQ
WHPSpUDWXUH)LJXUH%LHQTXHFHWWHSKDVHQHVRLWSDVWKHUPRG\QDPLTXHPHQWVWDEOHGDQV
OHVFRQGLWLRQVGHV\QWKqVHXWLOLVpHVHQDWPRVSKqUHUpGXFWULFHLOVHSURGXLWXQSKpQRPqQHGH
JURVVLVVHPHQWJUDQXODLUHGHPDQLqUHj UpGXLUH O¶pQHUJLHGHVXUIDFHGH ODSRXGUHGHGLR[\GH
G¶KDIQLXP &H SKpQRPqQH VH SURGXLW j XQH WHPSpUDWXUH LQIpULHXUH j FHOOH GH OD UpGXFWLRQ
FDUERWKHUPLTXH FH TXL WUDGXLW TXH VRQ pQHUJLH GH *LEEV HVW ELHQ LQIpULHXUH j FHOOH GH OD
UpDFWLRQ/HPrPHSKpQRPqQHDpJDOHPHQWpWpREVHUYpGXUDQWO¶pWXGHGHODFDUERUpGXFWLRQGH
O¶DQDWDVH >@&H UpVXOWDW VHPEOHGRQFGpPRQWUHUTXH OD WDLOOHRULJLQHOOHGHVSDUWLFXOHVGH









UpYpODQW OD FURLVVDQFHGH IDFHWWHV FULVWDOOLQHVELHQGpILQLHV&HWWHPLFURVWUXFWXUHSDUWLFXOLqUH
HVWVLPLODLUHjFHOOHREVHUYpHGXUDQWO¶pWXGHGHODUpDFWLRQGH OD]LUFRQHHWGXFDUERQH>@
3DUFRQVpTXHQWODSUpVHQFHGHFHVERUGXUHVSHXWrWUHLQWHUSUpWpHGHPDQLqUHLGHQWLTXHFRPPH
pWDQW FDUDFWpULVWLTXH GX SURFHVVXV GH GpVWDELOLVDWLRQ GX GLR[\GH DX FRQWDFW GH O¶DWPRVSKqUH
HQYLURQQDQWHULFKHHQPRQR[\GHGHFDUERQH/D]LUFRQHHW O¶KDIQLHpWDQW LVRVWUXFWXUDOHV OH
PpFDQLVPHGHGpVWDELOLVDWLRQGHVGHX[GLR[\GHVVHPEOHrWUHFRUUpOpjODVWUXFWXUHFULVWDOOLQH
(Q HIIHW SRXU FHV GHX[ FRPSRVpV OHV GLIIpUHQWHV ERUGXUHV SHXYHQW rWUH LQGH[pHV SDU OHV
IDPLOOHVGHSODQV^`HW^`&HVGHX[W\SHVGHIDPLOOHVFRUUHVSRQGHQWDX[SODQVOHVSOXV
GHQVHV GH OD VWUXFWXUH FULVWDOOLQHPRQRFOLQLTXH GH JURXSH G¶HVSDFH 3F HW VRQW FRPSRVpV
G¶XQHDOWHUQDQFHGHFRXFKHVDQLRQLTXHVHWFDWLRQLTXHVGDQVODGLUHFWLRQQRUPDOHjFHVSODQV
/RUVTX¶XQH FRXFKH DQLRQLTXH GH FHV IDPLOOHV GH SODQV VH UHWURXYH HQ FRQWDFW DYHF
O¶DWPRVSKqUH HQYLURQQDQWH GH &2J OD VXUIDFH GH O¶KDIQLH HVW UpGXLWH HQ SURGXLVDQW XQ
GpJDJHPHQW JD]HX[ GH GLR[\GH GH FDUERQH /D FRXFKH FDWLRQLTXH VRXVMDFHQWH VH UHWURXYH
DORUV DX FRQWDFW GX PRQR[\GH GH FDUERQH HW SHXW FRQVWLWXHU XQH FRXFKH GH SDVVLYDWLRQ
HPSrFKDQW OD UpGXFWLRQGXGLR[\GH/HSKpQRPqQHGHGpVWDELOLVDWLRQQHSHXW VHSRXUVXLYUH
TX¶HQURPSDQWOHVOLDLVRQVFKLPLTXHVjO¶DSORPEGHVPDUFKHVFULVWDOOLQHVOLEpUDQWXQFRPSRVp





























+I2V&2J +I2J&2J (T 
6XU OH VHFRQGVLWH UpDFWLRQQHO OHSKpQRPqQHGHGpVWDELOLVDWLRQGXQRLUGH IXPpHHVW
VLPLODLUH j FHOXL REVHUYp GXUDQW OD UpGXFWLRQ FDUERWKHUPLTXH GH OD ]LUFRQH (Q HIIHW OHV
IHXLOOHWVJUDSKLWLTXHV FRQVWLWXDQW FHVEDOOHVGH FDUERQH VH UHWURXYHQWGpFKLTXHWpV HQ VXUIDFH








































/HV pTXDWLRQV   HW  FRUUHVSRQGHQW j GHV UpDFWLRQV SDUWLHOOHV GRQW OD
VRPPHHQWUDvQHODUpDFWLRQJOREDOHVXLYDQWH
+I2V]&2JÆ+I&[2[V]±[&2J (T
3URFKH GX VLWH GH QXFOpDWLRQ OD FRFRQGHQVDWLRQ GH +I2J HW GH &2J (T 
HQWUDvQH XQH YDULDWLRQ ORFDOH GH OD TXDQWLWp G¶R[\JqQH GXH DX GpJDJHPHQW GH GLR[\GH GH
FDUERQH SRXYDQW H[SOLTXHU OD SUpVHQFH GH OD JDQJXH DPRUSKH ULFKH HQ R[\JqQH SUpVHQWH
DXWRXU GHV QXFOHL G¶R[\FDUEXUH G¶KDIQLXP 8QH IRLV TXH OH GLR[\GH G¶KDIQLXP D pWp
WRWDOHPHQWFRQVRPPpȟ  O¶H[FqVGHFDUERQHSUpVHQWHQFRUHDXVHLQGH O¶pFKDQWLOORQ
HQULFKLWFHWWHFRXFKHDPRUSKHGHPDQLqUHjFHTXHVDFRPSRVLWLRQV¶pJDOLVHDYHFFHOOHGHOD









HQWUH ȟ  HW ȟ  OHSDUDPqWUHGHPDLOOH DXJPHQWHGH IDoRQ OLQpDLUHGHGH VD
YDOHXU LQLWLDOH&HWWH REVHUYDWLRQ FRQWUDVWH VLQJXOLqUHPHQW DYHF O¶pYROXWLRQ GX SDUDPqWUH GH






DXJPHQWDQW VHXOHPHQW GH  GH VD YDOHXU QRPLQDOH FH TXL ODLVVDLW VXSSRVHU TXH VD
FRPSRVLWLRQ pWDLW pJDOHPHQW FRQVWDQWH ,OV RQW pJDOHPHQW QRWp XQH DXJPHQWDWLRQ EUXWDOH GX
SDUDPqWUH GH PDLOOH GH  HQ ILQ GH UpDFWLRQ DFFRPSDJQpH G¶XQH PRGLILFDWLRQ GH OD
PRUSKRORJLHGHVFULVWDOOLWHVG¶R[\FDUEXUHGH]LUFRQLXPPLVHHQpYLGHQFHSDU0(7(QHIIHW
OHVJUDLQVGH=U&[2\SHUGHQWOHXUFDUDFWqUHDXWRPRUSKHDXGHOjȟ HWSUpVHQWHQWDORUVXQH




XQH FRPSRVLWLRQ ULFKH HQ FDUERQH YRLVLQH GH VD FRPSRVLWLRQ G¶pTXLOLEUH DWWHLQWH HQ ILQ GH
UpDFWLRQ &H V\VWqPH QH QpFHVVLWH GRQF SDV G¶rWUH KRPRJpQpLVp FKLPLTXHPHQW H[SOLTXDQW
DLQVLO¶DEVHQFHGHGLVORFDWLRQDXVHLQGHVFULVWDOOLWHVG¶R[\FDUEXUHG¶KDIQLXP
/D IDLEOH pYROXWLRQ FRPSRVLWLRQQHOOH GH OD SKDVH R[\FDUEXUH G¶KDIQLXP GHSXLV OH
GpEXWGXSKpQRPqQHGHQXFOpDWLRQMXVTX¶jODILQGHODUpDFWLRQODLVVHVXSSRVHUTXHOHGRPDLQH
GH VWDELOLWp WKHUPRG\QDPLTXH GH OD VROXWLRQ VROLGH+I&[2\ HVW EHDXFRXS SOXV UHVWUHLQW TXH
FHOXLGH=U&[2\





/HV pWXGHV DQWpULHXUHV YLVDQW j FRPSUHQGUH OHV PpFDQLVPHV LPSOLTXpV GDQV OHV
UpDFWLRQVGH FDUERUpGXFWLRQGHVR[\GHVPRQRFOLQLTXHV ODLVVHQW VXSSRVHUTXH OHGRPDLQHGH
VWDELOLWp GH OD VROXWLRQ VROLGH GH O¶R[\FDUEXUH GH ]LUFRQLXP HVW SOXV pWHQGX TXH FHOXL GH
O¶R[\FDUEXUH G¶KDIQLXP (Q FRQVpTXHQFH OD VXLWH GH FHWWH pWXGH VHUD GpGLpH j GpILQLU OHV























LQGH[pHV j SDUWLU GH OD ILFKH -&3'6GX FDUEXUH GH ]LUFRQLXP FXELTXH j IDFHV
FHQWUpHV*URXSHG¶HVSDFH)PP/HVUDLHVGHGLIIUDFWLRQGHODSRXGUHG¶DOXPLQHVHUYDQW
G¶pWDORQ LQWHUQH VRQW LQGH[pHV SDU GHV FDUUpV QRLUV )LFKH -&3'6  /HV






OD SOXV ULFKH HQ R[\JqQH =U&2 SUpVHQWH GHV UDLHV FDUDFWpULVWLTXHV GH OD YDULpWp
PRQRFOLQLTXHGH OD ]LUFRQH )LFKH -&3'6 GRQW ODSRVLWLRQHVW UHSpUpH VXU OD
)LJXUH  SDU GHV pWRLOHV0DOJUp XQ WHPSV GH WUDLWHPHQW WKHUPLTXH SURORQJp  KHXUHV GH
SDOLHU TXL SRXU OHV DXWUHV pFKDQWLOORQV HVW VXIILVDQW SRXU DWWHLQGUH OH GHJUp G¶DYDQFHPHQW
PD[LPXP GH OD UpDFWLRQ O¶pFKDQWLOORQ UHVWH ELSKDVp 1RXV HQ GpGXLVRQV TXH OD ]LUFRQH
SUpVHQWH HVW YUDLVHPEODEOHPHQW XQH SKDVH UpVLGXHOOH OD WHQHXU HQ FDUERQH GH O¶pFKDQWLOORQ




FRPSRVLWLRQV WKpRULTXHV UDSSRUW &=U   QH VRQW FRQVWLWXpV TXH G¶XQH VHXOH SKDVH
FULVWDOOLVpH DVVLPLOpH j O¶R[\FDUEXUH GH ]LUFRQLXP =U&[2\ &RQWUDLUHPHQW DX[ UpVXOWDWV
REWHQXVj&O¶pFKDQWLOORQGHFRPSRVLWLRQWKpRULTXH=U&2V\QWKpWLVpj&HVW




$ SUHPLqUH YXH FHWWH WHQGDQFH QH VHPEOH SDV rWUH FRQILUPpH SDU OD )LJXUH 
SUpVHQWDQW OHV GLIIpUHQWV GLDJUDPPHV GH GLIIUDFWLRQ GHV UD\RQV ; REWHQXV VXU OHV SRXGUHV
V\QWKpWLVpHVj&(QHIIHWODSUpVHQFHGH]LUFRQHUpVLGXHOOHVRXVVDIRUPHPRQRFOLQLTXH
]RQHFHUFOpHHQQRLUHVWREVHUYpHVXUOHGLDJUDPPHGHGLIIUDFWLRQFRUUHVSRQGDQWjXQUDSSRUW



















3RXU XQH WHPSpUDWXUH GH V\QWKqVH GRQQpH OHV GLDJUDPPHV GH'5;REWHQXV VXU OHV
SRXGUHV GH GLIIpUHQWHV FRPSRVLWLRQV WKpRULTXHV PRQWUHQW XQ SKpQRPqQH FDUDFWpULVWLTXH
FRUUHVSRQGDQWDXGpSODFHPHQWGHVUDLHVGHGLIIUDFWLRQYHUVOHVJUDQGVDQJOHVORUVTXHODWHQHXU












GH V\QWKqVH GH & HW & FH GpSODFHPHQW Q¶HVW REVHUYp TXH SRXU GHV UDSSRUWV
WKpRULTXHV&=U/HGpFDODJHREVHUYpHQWUHFHVGLIIpUHQWVGLDJUDPPHVSHXWrWUHDVVRFLp
j XQH YDULDWLRQ GX SDUDPqWUH GH PDLOOH GH OD SKDVH R[\FDUEXUH FDXVpH SDU XQH YDULDWLRQ
FRPSRVLWLRQQHOOH(QHIIHWOHVDWRPHVG¶R[\JqQHVHVXEVWLWXDQWjFHX[GHFDUERQHDXVHLQGX
UpVHDX GH O¶R[\FDUEXUH FH SKpQRPqQH LQGXLW XQH YDULDWLRQ GX SDUDPqWUH GH PDLOOH VH




DX[ FRPSRVLWLRQV OHV SOXV ULFKHV HQ R[\JqQH =U&2=U&2 HW=U&2 VRQW
FHQWUpHVDXWRXUGHODPrPHSRVLWLRQDQJXODLUH/¶DQDO\VHGHVSURILOVGHFHVUDLHVQ¶DSDVPLV
HQ pYLGHQFH GH GLVV\PpWULH SDUWLFXOLqUH &KDTXH FRXUEH HVW PRGpOLVpH j O¶DLGH GX ORJLFLHO
3HDNRFGHIDoRQVDWLVIDLVDQWHSDUXQHFRXUEHGHW\SHSVHXGR9RLJWFHTXLGpPRQWUHTX¶XQH
VHXOH SKDVH R[\FDUEXUH HVW SUpVHQWH 'H SOXV O¶pODUJLVVHPHQW GH FHV UDLHV HVW IDLEOH
FRQILUPDQWO¶KRPRJpQpLWpFRPSRVLWLRQQHOOHGHODSKDVHR[\FDUEXUHDXVHLQG¶XQPrPHORWGH
SRXGUH
&H UpVXOWDW LQGLTXH TXH O





























HQ pYLGHQFH OH FDUERQH OLEUH PrPH ORUVTXH FH GHUQLHU HVW SUpVHQW j O¶pWDW GH TXHOTXHV
SRXUFHQWV PRODLUHV DX VHLQ GH O¶pFKDQWLOORQ OH SRXUFHQWDJH YROXPLTXH pWDQW DORUV QRQ
QpJOLJHDEOHFRPSWHWHQXGXIDLEOHSRLGVDWRPLTXHGXFDUERQH4XHOOHTXHVRLWODWHPSpUDWXUH
GHV\QWKqVHO¶REVHUYDWLRQGHVpFKDQWLOORQVQHUpYqOHSDVGHFDUERQHVRXVIRUPHOLEUHGDQVOHV











VW°FKLRPpWULH UpHOOH GHV SRXGUHV G¶R[\FDUEXUH V\QWKpWLVpHV /HV SRXUFHQWDJHV PDVVLTXHV
REWHQXV SDU FHWWH PpWKRGH GH FDUDFWpULVDWLRQ DLQVL TXH OHV VW°FKLRPpWULHV G¶R[\FDUEXUH








'DQV OD JDPPH GH PHVXUH pWXGLpH O¶LQFHUWLWXGH DEVROXH VXU OD TXDQWLWp G¶R[\JqQH
PHVXUpHHVWSURFKHGHPDVVLTXHWDQGLVTXHO¶HUUHXUUHODWLYHVXUODPHVXUHGHODTXDQWLWp
GH FDUERQH HVW SURFKH GH  PDVVLTXH /H SRXUFHQWDJH PDVVLTXH WKpRULTXH G¶R[\JqQH
FRQWHQX DX VHLQ GHV pFKDQWLOORQV G¶R[\FDUEXUH GH ]LUFRQLXP HVW FRPSULV HQWUH  HW 
7DEOHDX3DUFRQVpTXHQWXQHHUUHXUDEVROXHGHPDVVLTXHFRUUHVSRQGjXQHHUUHXU
GH   DWRPLTXH VXU OD VW°FKLRPpWULH FDOFXOpH /H SRXUFHQWDJH PDVVLTXH WKpRULTXH GH
FDUERQHGDQVOHVpFKDQWLOORQVGH=U&[2\HVWFRPSULVHQWUHHW7DEOHDX8QHHUUHXU
UHODWLYHGHPDVVLTXHFRUUHVSRQGHQPR\HQQHjDWRPLTXH VXU OD VW°FKLRPpWULH
FDOFXOpH
6W°FKLRPpWULHV
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 &PDVV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PDVV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PDVV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PDVV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7DEOHDX7DEOHDX VRQWHQ H[FHOOHQWDFFRUGDYHF OHVFRPSRVLWLRQV WKpRULTXHVFLEOpHV





'DQV OHVpFKDQWLOORQVFRUUHVSRQGDQWDX[FRPSRVLWLRQV WKpRULTXHV=U& ODTXDQWLWpGH
FDUERQH HW G
R[\JqQH GH O¶R[\FDUEXUH D pWp GpWHUPLQpH HQ SUHQDQW VRLQ GH TXDQWLILHU
VpSDUpPHQWO
H[FqVGHFDUERQHOLEUH&HOXLFLHVWR[\GpHQHIIHFWXDQWXQHFRPEXVWLRQSDUWLHOOH
j & GHV pFKDQWLOORQV OHV SOXV ULFKHV HQ FDUERQH 9RLU 7DEOHDX[  &HWWH
WHPSpUDWXUHSHUPHWGHPHVXUHUVHXOHPHQWOHFDUERQHQ¶D\DQWSDVpWpLQVpUpGDQVOHUpVHDXGH
O¶R[\FDUEXUH (Q GpGXLVDQW OD FRQWULEXWLRQ OLpH DX FDUERQH OLEUH OD VW°FKLRPpWULH GHV
R[\FDUEXUHV GH ]LUFRQLXP D SX DLQVL rWUH GpWHUPLQpH 'DQV FHV pFKDQWLOORQV OHV DQDO\VHV
FKLPLTXHV PRQWUHQW TXH OHV FRPSRVpV R[\FDUEXUH SUpVHQWHQW OHV FRPSRVLWLRQV
=U&27DEOHDX=U&27DEOHDXHW=U&27DEOHDX
DX[WHPSpUDWXUHVUHVSHFWLYHVGHHW&/DGLIIpUHQFHPLVHHQpYLGHQFHHQWUH
OHV FRPSRVLWLRQV FKLPLTXHV pWDQW LQIpULHXUH DX[ HUUHXUV H[SpULPHQWDOHV QRXV SRXYRQV
VXSSRVHUTXHODOLPLWHVXSpULHXUHGHODVROXWLRQVROLGHULFKHHQFDUERQHHVWLQGpSHQGDQWHGHOD












FHQWUpH DXWRXU GH OD PrPH SRVLWLRQ DQJXODLUH SRXU OHV FRPSRVLWLRQV OHV SOXV ULFKHV HQ
R[\JqQH ,O HVW DORUV SULPRUGLDO G¶DQDO\VHU VD FRPSRVLWLRQ FKLPLTXH DYHF SUpFLVLRQ
&HSHQGDQW FHV pFKDQWLOORQV FRPSRUWHQW pJDOHPHQW XQH VHFRQGH SKDVH FULVWDOOLVpH LGHQWLILpH
FRPPH GH OD ]LUFRQH UpVLGXHOOH /H SRXUFHQWDJH G¶R[\JqQH PHVXUp SDU DQDO\VH FKLPLTXH
pOpPHQWDLUH LQWqJUH QRQ VHXOHPHQW FHOXL FRQWHQX GDQV OD SKDVH R[\FDUEXUHPDLV pJDOHPHQW
FHOXLFRQWHQXGDQVOD]LUFRQH3DUFRQVpTXHQWSDUDIILQHPHQWVGH5LHWYHOGGHVGLDJUDPPHVGH
GLIIUDFWLRQ GHV UD\RQV ; XQ GRVDJH TXDQWLWDWLI D SHUPLV GH GpWHUPLQHU OH SRXUFHQWDJH
PDVVLTXH GH=U2 FRQWHQX GDQV FKDTXH ORW GH SRXGUH (Q FRXSODQW FHV UpVXOWDWV DYHF FHX[
REWHQXV SDU DQDO\VHV FKLPLTXHV pOpPHQWDLUHV LO HVW DORUV SRVVLEOH GH UHFDOFXOHU OD
VW°FKLRPpWULHGHODSKDVHR[\FDUEXUH
/D VROXELOLWp PD[LPDOH GH O¶R[\JqQH j & HVW REWHQXH SRXU XQ UDSSRUW
2=U /DTXDQWLWpG¶R[\JqQHLQFRUSRUpHDXVHLQGXUpVHDXGHO¶R[\FDUEXUHpYROXHDYHF
O¶pOpYDWLRQ GH WHPSpUDWXUH (Q HIIHW OH UDSSRUW 2=U V¶pOqYH j & j  WDQGLV TX¶j
& LO DWWHLQW XQH YDOHXU pJDOH j $XWUHPHQW GLW HQ WHQDQW FRPSWH GHV HUUHXUV GH
PHVXUHLOHVWpWDEOLTX¶XQHFRPSRVLWLRQPR\HQQHVHGpJDJHSRXUFKDTXHWHPSpUDWXUHSRXUOD

















O¶R[\FDUEXUH MXVWLILDQWQRWDPPHQW OHGpSODFHPHQWREVHUYpHQGLIIUDFWLRQGHV UD\RQV;GH OD
UDLHYHUVOHVJUDQGVDQJOHVSRXUGHVIRUWHVWHQHXUVHQR[\JqQH/¶LQFHUWLWXGHDEVROXHGHV
YDOHXUVGHSDUDPqWUHVGHPDLOOHDIILQpVVHUpYqOHIDLEOHcHQFRPSDUDLVRQGHFHOOH
HQJHQGUpH SDU OD PpWKRGH G¶DQDO\VH FKLPLTXH pOpPHQWDLUH HQYLURQ  DWRPLTXH VXU
O¶R[\JqQH3DUDLOOHXUVODWHPSpUDWXUHGHV\QWKqVHQ¶LQIOXHSDVVXUOHVYDOHXUVGHSDUDPqWUHV
GHPDLOOH HW FHOOHVFL DSSDUDLVVHQW HQ ERQQH DGpTXDWLRQ HQWUH HOOHV'H SOXV OHV YDOHXUV GH




/HV REMHFWLIV GH FHWWH pWXGH pWDLHQW GH UpDOLVHU XQ DEDTXH SHUPHWWDQW GH UHOLHU OD












































&RPPH HQ DWWHVWHQW OHV UpVXOWDWV GH'5; FRXSOpV j ODPpWKRGH G¶DQDO\VH FKLPLTXH
pOpPHQWDLUH OHV SRXGUHV V\QWKpWLVpHV GXUDQW FHWWH pWXGH SRVVqGHQW XQH VW°FKLRPpWULH WUqV
SURFKH GHV FRPSRVLWLRQV WKpRULTXHV YLVpHV 7DEOHDX[  (Q HIIHW OD SOXSDUW GHV
pFKDQWLOORQV VRQWPRQRSKDVpV HW SUpVHQWHQW XQH FRPSRVLWLRQ KRPRJqQH /HV IDLEOHV HUUHXUV
FRPPLVHV VXU OHV DQDO\VHV FKLPLTXHV pOpPHQWDLUHV  DWRPLTXH VXU O¶R[\JqQH HW VXU OD
GpWHUPLQDWLRQGXSDUDPqWUHGHPDLOOHcRQWSHUPLVGHWUDFHUXQDEDTXHGHUpIpUHQFH
FRUUpODQWODFRPSRVLWLRQGHODSKDVHR[\FDUEXUHjVRQSDUDPqWUHGHPDLOOH)LJXUH




pTXLOLEUH DYHF OD ]LUFRQH UpVLGXHOOH ORUVTXH OD OLPLWH EDVVH GX GRPDLQH GH VWDELOLWp HVW
GpSDVVpH &HV pFKDQWLOORQV RQW IDLW O¶REMHW G¶XQH DWWHQWLRQ SDUWLFXOLqUH HQ DQDO\VH FKLPLTXH
pOpPHQWDLUHHWHQ'5;OHVERUQHVGXGRPDLQHG¶H[LVWHQFHGHODVROXWLRQVROLGHpWDQWIL[pHV
SDUODFRPSRVLWLRQGHVSKDVHVR[\FDUEXUHVjO¶pTXLOLEUH
/HV pFKDQWLOORQV H[FpGHQWDLUHV HQ FDUERQH RQW VXEL XQH FRPEXVWLRQ SDUWLHOOH HQ
DQDO\VHFKLPLTXHpOpPHQWDLUHSHUPHWWDQWGHGpFRQYROXHUOHVFRQWULEXWLRQVGXFDUERQHOLEUHHW
OLp HW DLQVL GH GpWHUPLQHU OD VW°FKLRPpWULH GH OD SKDVH R[\FDUEXUH 3RXU OHV pFKDQWLOORQV
SUpVHQWDQW GH OD ]LUFRQH UpVLGXHOOH OD GpWHUPLQDWLRQ GX SRXUFHQWDJH GH OD SKDVH R[\GH SDU
DIILQHPHQW GH 5LHWYHOG D SHUPLV GH FRUULJHU OH SRXUFHQWDJH G¶R[\JqQHPHVXUp SDU DQDO\VH
FKLPLTXH HW DLQVL GH UHFDOFXOHU OD VW°FKLRPpWULH GH OD SKDVH R[\FDUEXUH FRUUHVSRQGDQW j OD
OLPLWHEDVVHGXGRPDLQHGHVWDELOLWpGHODVROXWLRQVROLGH
/HV UpVXOWDWV REWHQXV PRQWUHQW TXH OD OLPLWH KDXWH GX GRPDLQH GH VWDELOLWp
=U&2  Q¶HVW SDV LQIOXHQFpH SDU OD YDULDWLRQ GH WHPSpUDWXUH GH WUDLWHPHQW
WKHUPLTXH&HVUpVXOWDWVVHPEOHQWHQERQQHDGpTXDWLRQDYHFOHVSKDVHVR[\FDUEXUHVOHVSOXV
ULFKHVHQFDUERQHGpFULWHVGDQVODOLWWpUDWXUH>@3DUFRQVpTXHQWO¶REWHQWLRQGHFDUEXUHVGH
]LUFRQLXP VW°FKLRPpWULTXHV HVW LPSRVVLEOH SDU OD YRLH GH UpGXFWLRQ FDUERWKHUPLTXH FHV
pFKDQWLOORQVSUpVHQWDQWLQpYLWDEOHPHQWGHVWUDFHVUpVLGXHOOHVHQR[\JqQH
(QUHYDQFKHOHVUpVXOWDWVREWHQXVPRQWUHQWXQHpYROXWLRQHQWHPSpUDWXUHGHODOLPLWH
EDVVHGXGRPDLQHGHVROXWLRQVROLGH/DYDULDWLRQGHFRPSRVLWLRQDYHF OD WHPSpUDWXUHGH OD





GRVDJH GH O¶R[\JqQH $ & OD OLPLWH EDVVH GX GRPDLQH GH VWDELOLWp HVW DLQVL FDOFXOpH
SURFKHGHODFRPSRVLWLRQ=U&2$&HOOHVHVLWXHSURFKHGHODFRPSRVLWLRQ
















/HV GLDJUDPPHV GH GLIIUDFWLRQ GHV UD\RQV ; REWHQXV VXU OHV SRXGUHV G¶R[\FDUEXUH
G¶KDIQLXP +I&[2\ V\QWKpWLVpHV j & VRQW SUpVHQWpV HQ )LJXUH D /HV UpVXOWDWV GH
O¶pWXGH FLQpWLTXH SUpOLPLQDLUH FI &KDSLWUH  SDUWLH ,, PRQWUHQW TX¶XQ DYDQFHPHQW GH
UpDFWLRQpJDOjHVWREWHQXj&SRXUXQWHPSVGHPDLQWLHQHQWHPSpUDWXUHGHKHXUHV
7RXWHIRLV FHWWH GXUpH GH SDOLHU D YRORQWDLUHPHQW pWp SURORQJpH DILQ GH V¶DVVXUHU TXH OD




G¶DOXPLQH VHUYDQWG¶pWDORQ LQWHUQH VRQW UHSpUpHVSDUGHV FDUUpVQRLUV ILFKH -&3'6

/HV pFKDQWLOORQV FRUUHVSRQGDQW DX[ FRPSRVLWLRQV FKLPLTXHV&+I   SUpVHQWHQW









)LJXUH E 3RXU OHV WURLV FRPSRVLWLRQV WKpRULTXHPHQW OHV SOXV ULFKHV HQ FDUERQH +I&
+I&2+I&2 XQ GpFDODJH YHUV OHV JUDQGV DQJOHV GH FHWWH UDLH HVW REVHUYp&H
GpFDODJHWUDGXLWYUDLVHPEODEOHPHQWXQHQULFKLVVHPHQWSURJUHVVLIHQR[\JqQH(QUHYDQFKHOD
SRVLWLRQDQJXODLUHGHFHWWHUDLHHVWFHQWUpHDXWRXUGHODPrPHYDOHXUSRXUOHVGLDJUDPPHVGH







GLIIUDFWLRQ GHV UD\RQV ; REWHQXV VXU OHV SRXGUHV G¶R[\FDUEXUH G¶KDIQLXP V\QWKpWLVpHV j
& )LJXUH E /¶DSSDULWLRQ G¶KDIQLH PRQRFOLQLTXH HVW pJDOHPHQW REWHQXH SRXU GHV














/¶DQDO\VH SDU PLFURVFRSLH pOHFWURQLTXH HQ WUDQVPLVVLRQ GHV SRXGUHV G¶R[\FDUEXUH
G¶KDIQLXP)LJXUHV\QWKpWLVpHVSDUUpGXFWLRQFDUERWKHUPLTXHj&DSHUPLVGHPHWWUH
HQpYLGHQFHODSUpVHQFHGHFDUERQHVRXVIRUPHOLEUH]RQHFHUFOpH)LJXUHDHWEDXVHLQGH
GHX[pFKDQWLOORQV +I&HW+I&2&HSKpQRPqQHHVW DQDORJXHj FHOXLREVHUYpGXUDQW
O¶REVHUYDWLRQGHVSRXGUHVG¶R[\FDUEXUHGH]LUFRQLXPSUpVHQWpHSUpFpGHPPHQW(QHIIHWXQH
SDUWLHGXQRLUGHIXPpHLQWURGXLW LQLWLDOHPHQWGDQVOHPpODQJHUpDFWLRQQHOVXEVLVWHHQILQGH




GpWHUPLQpH SDU DQDO\VH FKLPLTXH pOpPHQWDLUH &HWWH FRPSRVLWLRQ FRQVWLWXHUD DORUV OD OLPLWH
KDXWH GH OD VROXWLRQ VROLGH GH O¶R[\FDUEXUH G¶KDIQLXP RX HQFRUH OD OLPLWH GH VROXELOLWp




















VW°FKLRPpWULH GHV SRXGUHV G¶R[\FDUEXUH G¶KDIQLXP V\QWKpWLVpHV /HV 7DEOHDX[  HW 
SUpVHQWHQW UHVSHFWLYHPHQW j & & OHV SRXUFHQWDJHVPDVVLTXHV REWHQXV SDU FHWWH
PpWKRGHGHFDUDFWpULVDWLRQDLQVLTXHFKDTXHVW°FKLRPpWULHG¶R[\FDUEXUHUHFDOFXOpH
/D VW°FKLRPpWULH GHV pFKDQWLOORQV G¶R[\FDUEXUH PRQRSKDVp H[HPSWV GH SKDVH
VHFRQGDLUH FULVWDOOLVpH KDIQLH RX DPRUSKH QRLU GH IXPpH HVW FDOFXOpH j SDUWLU GHV
SRXUFHQWDJHVPDVVLTXHVG¶R[\JqQHHWGHFDUERQHREWHQXVSDUDQDO\VHFKLPLTXHpOpPHQWDLUH
/¶DQDO\VHSDUPLFURVFRSLHpOHFWURQLTXHDPLVHQpYLGHQFHODSUpVHQFHGHFDUERQHVRXV
IRUPH OLEUH DX VHLQ GH  pFKDQWLOORQV GRQW OHV FRPSRVLWLRQV WKpRULTXHV VRQW +I& HW




WKpRULTXHV 2PDVV &PDVV &OLEUHPDVV 6W°FKLRPpWULHVFDOFXOpHV
+I&    +I&2
+I&2    +I&2
+I&2    +I&2
+I&2   
+I&2
+I2
+I&2   
+I&2
+I2









QRQ VHXOHPHQW FHOXL OLp j OD SKDVH R[\FDUEXUH PDLV pJDOHPHQW FHOXL SURSUH DX GLR[\GH
O¶KDIQLH 3DU FRQVpTXHQW SDU DIILQHPHQWV GH 5LHWYHOG GHV GLDJUDPPHV GH GLIIUDFWLRQ GHV







WKpRULTXHV 2PDVV &PDVV &OLEUHPDVV 6W°FKLRPpWULHVFDOFXOpHV
+I&    +I&2
+I&2    +I&2
+I&2    +I&2
+I&2   
+I&2
+I2







OD SKDVH R[\FDUEXUH G¶KDIQLXP (Q HIIHW DX[ GHX[ WHPSpUDWXUHV pWXGLpHV HW SRXU OHV
FRPSRVLWLRQVWKpRULTXHVOHVSOXVULFKHVHQFDUERQH+I&+I&2OHSURGXLWILQDOHVWXQ
R[\FDUEXUH G¶KDIQLXP +I&2 SUpVHQWDQW GH O¶R[\JqQH UpVLGXHO DX VHLQ GX UpVHDX
FULVWDOOLQ







/D )LJXUH  SUpVHQWH O¶pYROXWLRQ GX SDUDPqWUH GH PDLOOH GH OD SKDVH R[\FDUEXUH
G¶KDIQLXP HQ IRQFWLRQ GHV UDSSRUWV &+I UHFDOFXOpV j SDUWLU GHV UpVXOWDWV GHV DQDO\VHV
FKLPLTXHV pOpPHQWDLUHV /¶DOOXUH GH FHWWH FRXUEH PHW HQ pYLGHQFH XQH DXJPHQWDWLRQ GX
SDUDPqWUH GH PDLOOH GH OD SKDVH R[\FDUEXUH DYHF OD TXDQWLWp GH FDUERQH FRQWHQXH GDQV OD
SKDVH R[\FDUEXUH 7RXWHIRLV LO HVW j QRWHU TXH OD YDOHXU DEVROXH GH FHWWH DXJPHQWDWLRQ HVW
ELHQPRLQVLPSRUWDQWHTXHFHOOHREVHUYpHGXUDQWO¶pWXGHGXV\VWqPH=U&2(QHIIHWO¶pFDUW






























































$X[ DERUGV GH OD OLPLWH KDXWH OHV pFKDQWLOORQV V\QWKpWLVpV GH VW°FKLRPpWULHV
WKpRULTXHVULFKHVHQFDUERQH+I&+I&2VRQWFRPSRVpVG¶XQHSKDVHR[\FDUEXUHHWGH
FDUERQHVRXVIRUPHDPRUSKH)LJXUHVHW(QUHWLUDQWODFRQWULEXWLRQGHFHGHUQLHUVXU
OHV UpVXOWDWV GHV DQDO\VHV FKLPLTXHV OD OLPLWH KDXWH GX GRPDLQH GH VROXWLRQ D SX rWUH
GpWHUPLQpH+I&2/¶pOpYDWLRQHQWHPSpUDWXUHQHVHPEOHSDVPRGLILHUODFRPSRVLWLRQ
OLPLWHREVHUYpH7DEOHDX[HW
3DUDLOOHXUV OHGRVDJHGHSKDVHVSDU ODPpWKRGHGH5LHWYHOGDSHUPLVGHFDOFXOHU OD
FRQWULEXWLRQGH O¶KDIQLH UpVLGXHOOHREVHUYpHHQ'5;)LJXUHVHWVXU OHV UpVXOWDWVGHV
DQDO\VHV FKLPLTXHV $LQVL OD OLPLWH EDVVH GX GRPDLQH GH VWDELOLWp GH +I&[2\ D SX rWUH
FDOFXOpHj&+I&2HW&+I&2$XVHLQGHFHV\VWqPHOHV
SRXUFHQWDJHVPDVVLTXHVGHFDUERQHHWG¶R[\JqQHVRQWELHQLQIpULHXUVjFHX[REVHUYpVVXUOH
V\VWqPH=U&23DU FRQVpTXHQW OHV HUUHXUV FRPPLVHV VXU OHV UpVXOWDWV G¶DQDO\VH FKLPLTXH
pOpPHQWDLUHHWGRQFVXUOHVFRPSRVLWLRQVFDOFXOpHVVRQWSOXVpOHYpHV/DYDULDWLRQREVHUYpH
GHFRPSRVLWLRQVHQWUHOHVOLPLWHVEDVVHVUHVSHFWLYHVGHODVROXWLRQVROLGHj&HW&
HVW UHFRXYHUWH SDU OHV HUUHXUV GH PHVXUH 3DU FRQVpTXHQW OD OLPLWH EDVVH GX GRPDLQH GH
VWDELOLWp GH +I&[2\ HVW FRQVLGpUpH FRPPH LQFKDQJpH +I&2 DX[ GHX[ WHPSpUDWXUHV
pWXGLpHV&HWWHYDOHXUVHPEOHHQH[FHOOHQWHDGpTXDWLRQDYHFOHVUpVXOWDWVpWDEOLVj&SDU
$FKRXUHWDO>@







FHV DXWHXUV PLQLPLVHQW OD YDOHXU GX SDUDPqWUH GX FDUEXUH G¶KDIQLXP VW°FKLRPpWULTXH











DX FRXUV GH FHWWH UpDFWLRQ D IDLW O¶REMHW G¶XQH V\QWKqVH GpWDLOOpH GDQV OD SDUWLH ,, GX
&KDSLWUH
3RXU PpPRLUH QRXV UDSSHOOHURQV TXH OHV PpFDQLVPHV UpDFWLRQQHOV PLV HQ MHX VRQW
TXHOTXHSHXGLIIpUHQWVGHFHX[PLVHQpYLGHQFHORUVGHO¶pWXGHGHODUpGXFWLRQFDUERWKHUPLTXH
GHOD]LUFRQHHWGHO¶KDIQLH&RQWUDLUHPHQWjOD]LUFRQHHWjO¶KDIQLHTXLSRVVqGHQWGHVFDWLRQV
=U HW +I  SUpVHQWDQW XQH VHXOH YDOHQFH SRVVLEOH ,9 OH WLWDQH HVW KpWpURYDOHQW HW
DXWRULVH DLQVL OD IRUPDWLRQ G¶XQH JUDQGH YDULpWp GH SRO\qGUHV FRQGXLVDQW j OD IRUPDWLRQ GH
PXOWLSOHVVRXVR[\GHVSKDVHVGH0DJQHOLDFFRPSDJQDQWODVRXVVW°FKLRPpWULHHQR[\JqQH
FI FKDSLWUH (Q FRQVpTXHQFH OHPpFDQLVPH GH GpVWDELOLVDWLRQ SDUPLJUDWLRQ GH ERUGXUH
FULVWDOOLQHPLV HQ pYLGHQFH SRXU OD ]LUFRQH HW O¶KDIQLH Q¶HVW SDV HIIHFWLI SRXU O¶DQDWDVH FH
GHUQLHU VH GpVWDELOLVDQW SDU XQH UpGXFWLRQ SURJUHVVLYH YLD OHV SKDVHV GH0DJQHOOL 7LQ2Q









Q¶D SHUPLV G¶REWHQLU OD SKDVH R[\FDUEXUH SXUH TXH ORUVTXH OD FRPSRVLWLRQ FKLPLTXH GH
O¶pFKDQWLOORQ pWDLW ULFKH HQ FDUERQH $ SDUWLU GH OD FRPSRVLWLRQ 7L&2 GHV UHFXLWV





RQW pWp HIIHFWXpV DSUqV KRPRJpQpLVDWLRQ DX PpODQJHXU SODQpWDLUH $SUqV FKDTXH UHFXLW
O¶pFKDQWLOORQpWDLWFRQWU{OpSDU'5;DILQGHVDYRLUVLODUpDFWLRQpWDLWFRPSOqWHRXQRQDYDQW
GH VXELU XQ pYHQWXHO UHFXLW VXSSOpPHQWDLUH $ WLWUH G¶H[HPSOH O¶$QQH[H  SUpVHQWH GHX[
GLDJUDPPHV GH GLIIUDFWLRQ GHV UD\RQV ; REWHQXV VXU OH PrPH pFKDQWLOORQ FRPSRVLWLRQ
WKpRULTXH 7L&2 /H SUHPLHU GLDJUDPPH HVW DVVRFLp j O¶pFKDQWLOORQ D\DQW VXEL XQ
WUDLWHPHQW WKHUPLTXH j & GXUDQW  KHXUHV HW OH VHFRQG XQ UHFXLW VXSSOpPHQWDLUH GH 




VXU OHV SRXGUHV G¶R[\FDUEXUH GH WLWDQH V\QWKpWLVpHV j & /HV UDLHV GH GLIIUDFWLRQ
FDUDFWpULVWLTXHVGH O¶R[\FDUEXUHGH WLWDQH VRQW LQGH[pHV j SDUWLUGH OD ILFKH -&3'6






/D)LJXUHDPRQWUHTX¶j& WRXV OHVpFKDQWLOORQV VRQWPRQRSKDVpVDSUqV OHV
GLYHUVUHFXLWVHWTXHODVROXWLRQVROLGHHVWFRQWLQXHHQWUH7L&HW7L&2/¶pFKDQWLOORQSXU










3DU DLOOHXUV SRXU FKDFXQ GHV FRPSRVpV7L&[2\ O¶DJUDQGLVVHPHQW GX GLDJUDPPH GH
GLIIUDFWLRQDXYRLVLQDJHGHOD UDLH)LJXUHEPRQWUHXQGpFDODJHSURQRQFpGHFHWWH
UDLH YHUV OHV JUDQGV DQJOHV ORUVTXH OD WHQHXU HQ R[\JqQH DXJPHQWH GDQV O¶R[\FDUEXUH /H
GpFDODJH HQWUH OHV FRPSRVLWLRQV WKpRULTXHV OHV SOXV ULFKHV HQ FDUERQH HW FHOOHV ULFKHV HQ
R[\JqQH DWWHLQW LFL SOXVLHXUV GHJUpV 'H PDQLqUH DQDORJXH DX[ UpVXOWDWV SUpVHQWpV


















GHV UDLHV GH GLIIUDFWLRQ GDQV OHV pFKDQWLOORQV ULFKHV HQ R[\JqQH 7L&2 7L&2
7L&2 7L&2 HVW GH O¶RUGUH GH  WDQGLV TX¶HOOH FKXWH EUXWDOHPHQW GDQV OHV
pFKDQWLOORQVSOXVULFKHVHQFDUERQHGqVODFRPSRVLWLRQ7L&2SRXUDWWHLQGUH&HWWH




WLWDQH V\QWKpWLVpHV j & 7RXWHV FHV REVHUYDWLRQV RQW pWp FRQGXLWHV DX PrPH
JUDQGLVVHPHQW DILQ G¶REVHUYHU XQH pYHQWXHOOH pYROXWLRQ PRUSKRORJLTXH GHV FULVWDOOLWHV
FRQVWLWXWLYHVGHVpFKDQWLOORQV/DSUpVHQFHGHFDUERQHVRXVIRUPHOLEUHQ¶DpWpGpWHFWpHTX¶DX
VHLQGHO¶pFKDQWLOORQGRQWODFRPSRVLWLRQWKpRULTXHHVW7L&]RQHFHUFOpHHQEODQF)LJXUHD
&H UpVXOWDW HVW HQ ERQQH DGpTXDWLRQ DYHF OHV REVHUYDWLRQV HIIHFWXpHV VXU OHV GHX[ DXWUHV
V\VWqPHV =U&2 HW +I&2 LQGLTXDQW TXH OH SURGXLW ILQDO Q¶HVW SDV XQ FDUEXUH
VW°FKLRPpWULTXH PDLV SOXW{W XQ R[\FDUEXUH GH WLWDQH FRQWHQDQW GHV WUDFHV UpVLGXHOOHV
G¶R[\JqQHGDQVODVWUXFWXUHFULVWDOOLQH&HSHQGDQWFRQWUDLUHPHQWDX[GHX[DXWUHVV\VWqPHVOD
UpSDUWLWLRQJUDQXORPpWULTXHGXSURGXLWVHPEOHKpWpURJqQHELHQTXHOHGLDPqWUHGHVFULVWDOOLWHV
pOpPHQWDLUHV Q¶H[FqGH SDV OHPLFURPqWUH /¶R[\FDUEXUH GH WLWDQH GH FRPSRVLWLRQ QRPLQDOH
7L&2 )LJXUH E SRVVqGH XQH PLFURVWUXFWXUH WUqV VLPLODLUH j FHOOH SUpFpGHPPHQW
REVHUYpH )LJXUH D (Q UHYDQFKH OHV GLIIpUHQWHV YXHV JpQpUDOHV REWHQXHV VXU OHV
FRPSRVLWLRQV SOXV ULFKHV HQ R[\JqQH GH 7L&2 j 7L&2 )LJXUH  FL
GpPRQWUHQW XQH pYROXWLRQ pYLGHQWH GH OD WDLOOH GHV JUDLQV (Q HIIHW SRXU OHV FRPSRVLWLRQV
7L&27L&27L&2 OD UpSDUWLWLRQJUDQXORPpWULTXHHVW WRXMRXUVKpWpURJqQH
FHSHQGDQWOHVSOXVJURVVHVFULVWDOOLWHVH[FqGHQWGpVRUPDLVGHX[PLFURPqWUHV
/¶REVHUYDWLRQ SDU 0(7 GHV FRPSRVLWLRQV OHV SOXV ULFKHV HQ R[\JqQH 7L&2
7L&27L&27L&2VHUpYqOHLQDGpTXDWHDXPrPHJUDQGLVVHPHQWDXYXGH
OD WDLOOH LPSRUWDQWH GHV FULVWDOOLWHV (Q HIIHW OH SKpQRPqQH GH JURVVLVVHPHQW JUDQXODLUH HVW
H[DFHUEp HQ SUpVHQFH G¶XQH SKDVH R[\FDUEXUH WUqV ULFKH HQ R[\JqQH HW OHV SDUWLFXOHV
pOpPHQWDLUHV SHXYHQW DWWHLQGUH XQH GL]DLQH GH PLFURPqWUHV )LJXUH  IL /D WDLOOH





QRXV DYRQV REVHUYpHV SDU 0(7 pWDQW H[HPSWHV GH GpIDXWV VWUXFWXUDX[ GLVORFDWLRQV
O¶pODUJLVVHPHQWGHV UDLHVGHGLIIUDFWLRQGDQV OHV FRPSRVpV ULFKHVHQR[\JqQH )LJXUHVHW
HVWGRQFSULQFLSDOHPHQWOLpjXQHKpWpURJpQpLWpFRPSRVLWLRQQHOOH
,O VHPEOHUDLW GRQF TXH OHV UHFXLWV SURORQJpV Q¶DLHQW SDV SHUPLV G¶KRPRJpQpLVHU
FRPSOqWHPHQW OD SKDVH 7L&[2\ (Q FRQVpTXHQFH O¶HQVHPEOH GH FHV UpVXOWDWV PRQWUH TXH
ORUVTXH OHFRPSRVp7L&[2\HVW ULFKHHQR[\JqQH OHVYLWHVVHVGHGLIIXVLRQGXFDUERQHHWGH










/HV VW°FKLRPpWULHV GHV GLIIpUHQWV R[\FDUEXUHV GH WLWDQH V\QWKpWLVpV RQW SX rWUH
FDOFXOpHV j SDUWLU GHV UpVXOWDWV G¶DQDO\VH FKLPLTXH pOpPHQWDLUH 7DEOHDX[  HW  /D
SUpVHQFH GH FDUERQH UpVLGXHO Q¶D pWp REVHUYp SDU0(7 TX¶DX VHLQ GHV pFKDQWLOORQV GRQW OD
FRPSRVLWLRQWKpRULTXHpWDLWDVVRFLpHDXFDUEXUHGHWLWDQHVW°FKLRPpWULTXH3DUFRQVpTXHQWOD
FRPSRVLWLRQFDOFXOpHGHFHWWHSKDVHHVWFRUULJpHjSDUWLUGHVUpVXOWDWVGHFRPEXVWLRQSDUWLHOOH
GH O¶pFKDQWLOORQ SHUPHWWDQW GH GpWHUPLQHU OD FRQWULEXWLRQ GX QRLU GH IXPpHSDU UDSSRUW j OD
TXDQWLWpWRWDOHGHFDUERQH
6W°FKLRPpWULHV
WKpRULTXHV 2PDVV &PDVV &OLEUHPDVV 6W°FKLRPpWULHVFDOFXOpHV
7L&    7L&2
7L&2    7L&2
7L&2    7L&2
7L&2    7L&2
7L&2    7L&2
7L&2    7L&2
7L&2    7L&2
7L&2    7L&2




WKpRULTXHV 2PDVV &PDVV &OLEUHPDVV 6W°FKLRPpWULHVFDOFXOpHV
7L&    7L&2
7L&2    7L&2
7L&2    7L&2
7L&2    7L&2
7L&2    7L&2
7L&2    7L&2
7L&2    7L&2








GDQV O¶pFKDQWLOORQ HWPHVXUp SDU DQDO\VH FKLPLTXH pOpPHQWDLUH QH SURYLHQW TXH GH OD SKDVH
R[\FDUEXUH GH WLWDQH /D VWRHFKLRPpWULH GHV R[\FDUEXUHV V\QWKpWLVpHV VHPEOHQW HQ ERQQH
DGpTXDWLRQDYHFOHVGLIIpUHQWHVVW°FKLRPpWULHVYLVpHV,OHVWWRXWHIRLVjQRWHUTX¶j&OD
FRPSRVLWLRQ 7L&2 HVW pORLJQpH GH OD FRPSRVLWLRQ YLVpH &H SKpQRPqQH SHXW rWUH G






HVWjQRWHUTXH OHSDUDPqWUHGHPDLOOHDXJPHQWHDYHF OD WHQHXUHQFDUERQHGH O¶pFKDQWLOORQ
FHFLpWDQWOLpDXIDLWTXHOHUD\RQDWRPLTXHGXFDUERQHHVWVXSpULHXUjFHOXLGHO¶R[\JqQH6L
OHV YDOHXUV DEVROXHV GHV GLIIpUHQWV SDUDPqWUHV GH PDLOOH YDULHQW QRWDPPHQW SRXU OHV





























/¶pWXGHGH O¶pWHQGXH GH OD VROXWLRQ VROLGH GHV R[\FDUEXUHV GH WLWDQH D pWp UpDOLVpH j
&HW&jSDUWLUGHV\QWKqVHVUHSRVDQWVXUODUpDFWLRQGHFDUERUpGXFWLRQGHO¶DQDWDVH
SDU OH QRLU GH IXPpH'DQV OH FDV G¶XQ V\VWqPH SXOYpUXOHQW'DYLG HW DO >@ RQWPLV HQ
pYLGHQFH TXH OH PpFDQLVPH GH UpGXFWLRQ SURJUHVVLYH GH 7L2 HQ SKDVHV GH 0DJQHOL GH
IRUPXOH 7LQ2Q FRPPHQFH GqV OH GpEXW GH UpDFWLRQ /RUVTXH OH GHJUp G¶DYDQFHPHQW µȟ¶
DXJPHQWHFHVDXWHXUVRQWPRQWUpTXHOHGHJUpGHUpGXFWLRQGXVRXVR[\GHDXJPHQWH&HODVH
WUDGXLW VWUXFWXUDOHPHQW SDU XQH YDOHXU GH µQ¶ TXL GLPLQXH DX VHLQ GHV VRXVR[\GHV
([SpULPHQWDOHPHQW OD IRUPH OD SOXV UpGXLWH LGHQWLILpH SDU GLIIUDFWLRQ GHV UD\RQV ; HW
PLFURVFRSLHpOHFWURQLTXHHQ WUDQVPLVVLRQHVW7L2&HQ¶HVWTXH ORUVTXHFH VRXVR[\GHHVW



















































O¶R[\GH 7L2 HW OH QRLU GH IXPpH /D SKDVH R[\FDUEXUH QXFOpH DORUV DX VHLQ GX FDUERQH
WXUERVWUDWLTXH VRXV OD IRUPH GH SDUWLFXOH ©FRUHVKHOOª SRVVpGDQW XQ F°XU FULVWDOOLVp DLQVL
TX¶XQH JDQJXHSpULSKpULTXHDPRUSKH'DYLG HWDO >@PRQWUHQWTXH ODSKDVHR[\FDUEXUH
TXLVHGpYHORSSHDORUVjSDUWLUGHFHVQXFOHLHVWH[HPSWHGHGpIDXWVFULVWDOOLQVHWFRUUHVSRQGj
XQ FDUEXUH SULPDLUH TXL VH FDUDFWpULVH SDU XQ KDELWXV DXWRPRUSKH IDFHWWp /RUVTXH FHW
R[\FDUEXUH V¶HQULFKLW HQ FDUERQH LO SHUG VD IRUPH DXWRPRUSKH HW DFTXLqUH DORUV XQ KDELWXV
[pQRPRUSKH VDQV IRUPH SURSUH &H FDUEXUH QRPPp ©FDUEXUH VHFRQGDLUHª WHQG YHUV VD
FRPSRVLWLRQFKLPLTXHFDUDFWpULVWLTXHGHO¶pTXLOLEUHJUkFHjODSUpVHQFHG¶XQHIRUWHGHQVLWpGH
GLVORFDWLRQVGRQWODPRELOLWpYDDVVLVWHUOHSKpQRPqQHGHUpKRPRJpQpLVDWLRQFKLPLTXH'DQV
OH EXW GH ELHQ FRPSUHQGUH OHVPpFDQLVPHV TXL VH SURGXLVHQW ORUV GH OD FDUERUpGXFWLRQ RQ
QRWHUD TX¶LO HVW LQWpUHVVDQW GH SUpFLVHU OD FRPSRVLWLRQ FKLPLTXH GHV FDUEXUHV SULPDLUHV
DXWRPRUSKHVHWODUDLVRQSRXUODTXHOOHFHVFDUEXUHVVHIRUPHQW
/¶pWXGH SUpFpGHQWH >@ Q¶D FHSHQGDQW SHUPLV G¶HQ pYDOXHU OD FRPSRVLWLRQ TXH GH
IDoRQDSSUR[LPDWLYHHWFHSRXUOHVUDLVRQVVXLYDQWHV
x /H GRVDJH TXDQWLWDWLI SUpFLV GHV pOpPHQWV OpJHUV GHPHXUH XQH GLIILFXOWp
PDMHXUH GH FH W\SH G¶pWXGHV 'H SOXV HQ V\QWKpWLVDQW GHV ORWV GH SRXGUHV j




VRQGH pOHFWURQLTXH TXL H[FLWH VLPXOWDQpPHQW OH F°XU FRUUHVSRQGDQW j
O¶R[\FDUEXUH SULPDLUH PDLV pJDOHPHQW OD FRXFKH H[WHUQH ULFKH HQ R[\JqQH
FRQGXLVDQW j XQH VXUHVWLPDWLRQ GH OD FRPSRVLWLRQ HQ R[\JqQH GH FHW
R[\FDUEXUH 3DU DLOOHXUV OH FDUDFWqUH TXDQWLWDWLI GH WHOOHV DQDO\VHV FKLPLTXHV
UHVWHWUqVGLIILFLOHjPHWWUHHQ°XYUH
x /DGpWHUPLQDWLRQDSSUR[LPDWLYHGH ODFRPSRVLWLRQjSDUWLUGH O¶pWDEOLVVHPHQW






6XU OD EDVH GHV UpVXOWDWV GH OD SUpVHQWH pWXGH HW SOXV SDUWLFXOLqUHPHQW GH
O¶pWDEOLVVHPHQWGHO¶DEDTXHPHWWDQWHQUHODWLRQOHSDUDPqWUHGHPDLOOHHWODFRPSRVLWLRQGHOD
SKDVHR[\FDUEXUHDXVHLQGHODVROXWLRQVROLGH)LJXUHOHVUpVXOWDWVGHVWUDYDX[GH'DYLG
HW DO >@ RQW SX rWUH UHFRQVLGpUpV &HV DXWHXUV RQW GpWHUPLQp OD YDOHXU GX SDUDPqWUH GH
PDLOOH GH OD SKDVH R[\FDUEXUH QXFOpDQW DX VHLQ GX QRLU GH IXPpH HQ XWLOLVDQW XQ VWDQGDUG
G¶DOXPLQHαGX1,67c(QUHSRUWDQWFHWWHYDOHXUVXUO¶DEDTXH)LJXUHOHUDSSRUW
&7L FRUUHVSRQGDQW HVW pJDO j  (Q VXSSRVDQW TXH OH WDX[ GH UHPSOLVVDJH GHV VLWHV
RFWDpGULTXHVRFFXSpVSDUOHVDWRPHVGHFDUERQHHWG¶R[\JqQHHVWpJDOjODVW°FKLRPpWULHGH
OD SKDVH R[\FDUEXUH IRUPpH GXUDQW OH SKpQRPqQH GH QXFOpDWLRQ VHUDLW pJDOH j 7L&2






OH GRPDLQH GH VWDELOLWp GH OD VROXWLRQ VROLGH GH O¶R[\FDUEXUH GH WLWDQH D pWp LQYHVWL j GHX[
WHPSpUDWXUHV & HW & /¶REWHQWLRQ G¶pFKDQWLOORQV H[HPSWV GH SKDVHV R[\GHV
UpVLGXHOOHV UHTXLHUW SRXU OHV FRPSRVLWLRQV QRPLQDOHV ULFKH HQ R[\JqQH XQ WUDLWHPHQW GH
UHFXLW (Q HIIHW OH VRXVR[\GH 7L2 HVW REVHUYp HQ GLIIUDFWLRQ GHV UD\RQV ; FRPPH OH
PRQWUHQWOHVGLIIUDFWRJUDPPHVREWHQXVVXUO¶pFKDQWLOORQGHFRPSRVLWLRQQRPLQDOH7L&2
SUpVHQWpHQ$QQH[H&HUpVXOWDWHVWVLPLODLUHjFHOXLREVHUYpGDQVODOLWWpUDWXUHPHQWLRQQDQW
O¶LQWHUYHQWLRQGXVHVTXLR[\GH7L2 ORUVTXH OH V\VWqPHHVWGpILFLWDLUH HQ FDUERQH$SUqVXQ
VHFRQG WUDLWHPHQW WKHUPLTXH OH VRXVR[\GH D FRPSOqWHPHQW GLVSDUX 3DU DLOOHXUV OHV UDLHV
FDUDFWpULVWLTXHVGH ODSKDVHR[\FDUEXUHGH WLWDQHVHGpFDOHQWYHUV OHVJUDQGVDQJOHVDSUqV OH
WUDLWHPHQWGH UHFXLW WUDGXLVDQWXQHQULFKLVVHPHQWSURJUHVVLIHQR[\JqQHYHUV ODFRPSRVLWLRQ
YLVpH &H GpSODFHPHQW LQGXLW XQH GLIIpUHQFH GH SDUDPqWUH GH PDLOOH GH OD SKDVH 7L&[2\











VRXV IRUPH OLEUH /D ERUQH VXSpULHXUH GX GRPDLQH GH VWDELOLWp GH OD VROXWLRQ VROLGH GH
O¶R[\FDUEXUHGHWLWDQHHVWSDUFRQVpTXHQWDVVRFLpHjFHWWHFRPSRVLWLRQ
6L O¶R[\FDUEXUHGH WLWDQHGHFRPSRVLWLRQ7L&2QHSHXWrWUHGpILQL FRPPHXQH
SKDVH WKHUPRG\QDPLTXHPHQW VWDEOH DX VHQV VWULFW GX WHUPH LO VHPEOH WRXWHIRLV rWUH XQ
FRPSRVpLQWHUPpGLDLUHTXLFRQVWLWXHXQHERUQHVpSDUDQWGHX[VLWXDWLRQVGLVWLQFWHV
x 'DQV OH FDVGH OD V\QWKqVHGHSKDVHVR[\FDUEXUHV ULFKHV HQ FDUERQH UDSSRUW




SDU OD SUpGRPLQDQFH GX FDUDFWqUH FRYDOHQW YRLUPpWDOOLTXH GHV OLDLVRQV 7L&
SOXVQRPEUHXVHVTXHOHVOLDLVRQV7L2
x 'DQV OHFDVGH ODV\QWKqVHGHSKDVHVR[\FDUEXUHV ULFKHVHQR[\JqQH UDSSRUW
&7LHWSDUDQDORJLHO¶R[\FDUEXUHSULPDLUH7L&2VHIRUPHUDLW
pJDOHPHQW HW V¶HQULFKLUDLW HQ R[\JqQH HQ ILQ GH UpDFWLRQ /¶pYROXWLRQ GX
SDUDPqWUH GH PDLOOH VHPEOH OLQpDLUH GDQV OH GRPDLQH GH FRPSRVLWLRQV




SDU UpGXFWLRQ FDUERWKHUPLTXH QpFHVVLWDQW SOXVLHXUV UHFXLWV G¶KRPRJpQpLVDWLRQ 7RXWHIRLV LO
HVW IRUWSUREDEOHTXH OHGRPDLQHGHVWDELOLWpGH OD VROXWLRQVROLGH7L&[2\ V¶pWHQGH MXVTX¶DX
FRPSRVp7L2
,, /HV\VWqPHPDVVLIDVVHPEODJHUpDFWLRQQHO
/¶pWXGHVXU OHVPDWpULDX[SXOYpUXOHQWVDPRQWUpTXHGHV FRPSRVLWLRQV WUqV ULFKHVHQ
R[\JqQHGHODVROXWLRQVROLGH7L&[2\RQWSXrWUHREWHQXHVHW OHVUpVXOWDWVVHPEOHQW LQGLTXHU
TXHGHVUHFXLWVDSSURSULpVVRXVGHVDWPRVSKqUHVULFKHVHQR[\JqQHDXUDLHQWSXSHUPHWWUHGH




FRPSOqWH HQWUH 7L& HW 7L2 j & HW & VRQW HQ DFFRUG DYHF OHV GRQQpHV GH OD
OLWWpUDWXUH HW FRQVWLWXHQW GHV GRQQpHV GLDJUDPPDWLTXHV LQWpUHVVDQWHV SRXU OD PRGpOLVDWLRQ
WKHUPRG\QDPLTXHGXV\VWqPHFKLPLTXH7L&2
8QH GRQQpH LQWpUHVVDQWH HW FRPSOpPHQWDLUH FRQVLVWHUDLW j SUpFLVHU OH GHUQLHU R[\GH
7LQ2Q HQ pTXLOLEUH DYHF O¶R[\FDUEXUH 7L&[2\ &HSHQGDQW FRQWUDLUHPHQW DX[ DXWUHV
V\VWqPHVFKLPLTXHV=U&2HW+I&2OHIDLWTXHODVROXWLRQVROLGHVRLWFRPSOqWHLPSRVH
TX¶DXFXQH SKDVH R[\GH UpVLGXHOOH Q¶HVW MDPDLV PLVH HQ pYLGHQFH HQ ILQ GH UpDFWLRQ (Q
FRQVpTXHQFHLOHVWLPSRVVLEOHGHSRXYRLUVWDWXHUVXUODVW°FKLRPpWULHGXVRXVR[\GHOHSOXV
UpGXLWHQpTXLOLEUHDYHFODSKDVHR[\FDUEXUHGHWLWDQH/HGHUQLHUR[\GH7LQ2QHQpTXLOLEUH




GHV FRQGLWLRQV GH V\QWKqVH(Q HIIHW OHV V\QWKqVHV HIIHFWXpHV VRXV YLGH VHPEOHQW SHUPHWWUH






FDUDFWqUHRXYHUW j O¶pFKHOOHGH O¶pFKDQWLOORQ'qV ORUV WRXWHPRGLILFDWLRQGHVSDUDPqWUHVGH
V\QWKqVHHVWVXVFHSWLEOHG¶LQIOXHUGHIDoRQLPSRUWDQWHVXUOHVUpDFWLRQV
(Q pWXGLDQW OH FRPSRUWHPHQW WKHUPLTXH G¶XQ DVVHPEODJH UpDFWLRQQHO 7L&7L2
O¶REMHFWLISRXUVXLYLpWDLWG¶pWXGLHUOHSURFHVVXVGHUpGXFWLRQGHVVRXVR[\GHVGH0DJQpOLGDQV
XQV\VWqPHSOXVFRQWUDLQWOHVpFKDQJHVGHPDWLqUHpWDQWOLPLWpVSDUODJpRPpWULHGXV\VWqPH
,O pWDLW DORUV LQWpUHVVDQW GH YpULILHU VL OHV pTXLOLEUHV WKHUPRG\QDPLTXHV HW GH IDoRQ SOXV
JpQpUDOH OHV PpFDQLVPHV UpDFWLRQQHOV PLV HQ MHX HQ V\VWqPH FRQILQp j O¶pFKHOOH GH
O¶pFKDQWLOORQ pWDLHQW DQDORJXHV RX QRQ j FHX[ PLV HQ pYLGHQFH ORUV GHV UpDFWLRQV GH
FDUERUpGXFWLRQHQV\VWqPHRXYHUW >@$WLWUHG¶H[HPSOHQRXVSRXYRQVQRXVGHPDQGHUVL





'HV HVVDLV SUpOLPLQDLUHV RQW PRQWUp TXH OH FKRL[ G¶XQH WHPSpUDWXUH GH UHFXLW GH
& pWDLW SHUWLQHQW FI &KDSLWUH  (Q HIIHW FHWWH WHPSpUDWXUH ELHQ LQIpULHXUH j FHOOH
DGRSWpH ORUV GH O¶pWXGH VXU PDWpULDX[ SXOYpUXOHQWV SHUPHW GH UHVWUHLQGUH OH GRPDLQH GH
VWDELOLWp GH OD SKDVH R[\FDUEXUH 3DU DLOOHXUV FHWWH WHPSpUDWXUH FRUUHVSRQG j SULRUL j XQH






GH FDUEXUH GH WLWDQH SUpDODEOHPHQW IULWWpV j & SDU 636 HW G¶XQH SRXGUH LQLWLDOH GH
GLR[\GH GH WLWDQH SUpFRPSDFWpH /D )LJXUH E HVW XQ DJUDQGLVVHPHQW HIIHFWXp DX QLYHDX












/D )LJXUH  SUpVHQWH OHV PLFURJUDSKLHV RSWLTXHV REWHQXHV VXU OHV GLIIpUHQWV
DVVHPEODJHV UpDFWLRQQHOV WUDLWpV WKHUPLTXHPHQW j & VRXV XQH FKDUJH GH 03D /H
WHPSV GH PDLQWLHQ HQ WHPSpUDWXUH HVW OD VHXOH YDULDEOH DMXVWpH DX FRXUV GH FHV GLIIpUHQWV
HVVDLV /RUVTXH FH GHUQLHU DXJPHQWH FHV GLIIpUHQWHVPLFURJUDSKLHVPHWWHQW HQ pYLGHQFH XQ
pSDLVVLVVHPHQWGHOD]RQHG¶LQWHUSKDVHUpDFWLRQQHOOHTXLDSSDUDLWHQWUHOHFDUEXUHHWOHGLR[\GH
GH WLWDQH&HWWH]RQHUpDFWLRQQHOOHHVW IRUPpHGHGHX[FRXFKHVGLVWLQFWHV ]RQHHW]RQH






















/D )LJXUH  UHJURXSH OHV GLIIpUHQWHV REVHUYDWLRQV PHQpHV SDU PLFURVFRSLH
pOHFWURQLTXHjEDOD\DJHVXUFKDTXHDVVHPEODJHUpDFWLRQQHO7L&7L2
/D]RQHSRXYDQWrWUHDVVLPLOpHDXPRQROLWKHLQLWLDOGHFDUEXUHGHWLWDQHSUpVHQWHXQH
SRURVLWp LPSRUWDQWH )LJXUH  D HW E 3RXU UDSSHO OH SRXUFHQWDJH GH GHQVLILFDWLRQ GX
PRQROLWKHGH7L&IULWWpSDU636DpWpGpWHUPLQpSURFKHGHFI&KDSLWUHSDUWLH,,,
/D ODUJHXU GHV ]RQHV  HW  pYROXDQW DYHF OD GXUpH GX WHPSV GH SDOLHU O¶REVHUYDWLRQ GH
PLFURVWUXFWXUHV FDUDFWpULVWLTXHV SDU0(% QH GHYLHQW SRVVLEOH TX¶j SDUWLU G¶XQPDLQWLHQ HQ












































SUpVHQWH XQHPLFURVWUXFWXUH ODPHOODLUH )LJXUH  H HW I /D GLIIpUHQFH GH GXUHWp HQWUH OHV











$ILQ GH PLHX[ FRPSUHQGUH OD UpDFWLYLWp GHV FRPSRVpV GH GpSDUW DLQVL TXH GHV
LQWHUPpGLDLUHV UpDFWLRQQHOV IRUPpV ORUV GX UHFXLW GH GLIIXVLRQ FKDFXQH GHV ]RQHV PLVH HQ
pYLGHQFH SDU PLFURVFRSLH RSWLTXH D pWp DQDO\VpH LQGpSHQGDPPHQW SDU PLFURVFRSLH
pOHFWURQLTXH HQ WUDQVPLVVLRQ /¶pWXGH SDU PLFURVFRSLH pOHFWURQLTXH D pWp UpDOLVpH VXU








GH O¶LQWHUIDFH ]RQH]RQH )LJXUH E OHV FULVWDOOLWHV GH FDUEXUH GH WLWDQH SUpVHQWHQW HQ

















IOXFWXDWLRQ GH FRPSRVLWLRQ FKLPLTXH ORFDOH /D GLIIUDFWLRQ pOHFWURQLTXH HQ VpOHFWLRQ G¶DLUH
HIIHFWXpHVXU OD UpJLRQ DPRUSKH )LJXUHHPRQWUHTXHFHOOHFLHVW FRQVWLWXpHGHFDUERQH
&HVREVHUYDWLRQVDWWHVWHQWTXHO¶R[\JqQHDSpQpWUpGDQVFHWWHUpJLRQGHO¶pFKDQWLOORQHWTX¶LO
VHVXEVWLWXHDXVHLQGHVFDUEXUHVSRXUIRUPHU7L&[2\HQOLEpUDQWGXFDUERQHDPRUSKHjO¶pWDW














/¶REVHUYDWLRQ HQ PLFURVFRSLH pOHFWURQLTXH HQ WUDQVPLVVLRQ GH OD ]RQH  D PLV HQ
pYLGHQFH OD SUpVHQFH GH SDUWLFXOHV FULVWDOOLVpHV GH SOXVLHXUV PLFURPqWUHV )LJXUH D
UpJLRQ TXL F{WRLHQW GHV UpJLRQV HQ IRUPH GH ©SHORWHV UpDFWLRQQHOOHVª VH VLWXDQW
SULQFLSDOHPHQW DX[ MRLQWV GH JUDLQV HW OD SOXSDUW GX WHPSV DX[ MRLQWV WULSOHV )LJXUH D
UpJLRQ/HVFULVWDOOLWHVVLWXpHVGDQVOD]RQHFRUUHVSRQGHQWjGHVWHUPHVIRUWHPHQWUpGXLWV
GHV SKDVHV GH0DJQpOL $ WLWUH G¶H[HPSOH OH GLDJUDPPH GH GLIIUDFWLRQ HQ VpOHFWLRQ G¶DLUH
)LJXUHEREWHQXVXUXQHGHFHVSDUWLFXOHV5pJLRQHVWFDUDFWpULVWLTXHGHO¶D[HGH]RQH
>@GXVRXVR[\GHGH0DJQpOL7L2&HWWHFULVWDOOLWHHVWHQWRXUpHGHFDUERQHTXLFRPEOH









,O HVW j QRWHU TXH O¶pFKDQWLOORQ SUpVHQWH GDQV FHWWH ]RQH  XQ UpVHDX WUqV GHQVH GH
IUDFWXUHV LQWHUFULVWDOOLQHV G¶XQH pSDLVVHXU G¶XQH FLQTXDQWDLQH GH QDQRPqWUHV YRLU IOqFKHV
EODQFKHV )LJXUH D &HV IUDFWXUHV VRQW WRXMRXUV FRQQHFWpHV DYHF OHV ©SHORWHV
UpDFWLRQQHOOHVª /HV DQDO\VHV SDU GLIIUDFWLRQ pOHFWURQLTXH HQ DLUH VpOHFWLRQQpH GH FHV
©SHORWHVª )LJXUH FPRQWUHQW OD SUpVHQFH G¶XQH VpULH G¶DQQHDX[ ILQV HW GLIIXV SRXYDQW
SDUIRLVSUpVHQWHUGHVWkFKHVGHGLIIUDFWLRQ/HGLDPqWUHGXSUHPLHUDQQHDXHVWDVVRFLpjXQH





















3DU OD VXLWH XQH FDUWRJUDSKLH FKLPLTXH )LJXUH  D pWp UpDOLVpH VXU FHWWH PrPH
UpJLRQHQPRGH67(0DILQGHUHQGUHFRPSWHGH ODUpSDUWLWLRQGHFHVWURLVpOpPHQWVDXVHLQ
GHV©SHORWHVUpDFWLRQQHOOHVª/HFRQWUDVWHFKLPLTXHREVHUYpHQFKDPSVRPEUHHQIRQGQRLU
DQQXODLUH )LJXUH D VHPEOH DWWHVWHU GH OD SUpVHQFH GH SOXVLHXUV SKDVHV GLVWLQFWHV GRQW OH
QXPpURDWRPLTXHYDULHIRUWHPHQW
x /D FDUWRJUDSKLH FKLPLTXH HIIHFWXpH VXU OH FDUERQH )LJXUH E SHUPHW
G¶DVVRFLHU OHV UpJLRQV IRQFpHV REVHUYpHV HQ FKDPS VRPEUH j VD SUpVHQFH
&RPPH OH VXJJpUDLW GpMj O¶DQQHDX GLIIXV SUpVHQW VXU OH GLDJUDPPH GH
GLIIUDFWLRQOHFDUERQHDPRUSKHHVWSUpVHQWGDQVOD]RQHHQJUDQGHTXDQWLWp






7RXWHIRLV OD PpWKRGH GH FDUWRJUDSKLH FKLPLTXH QH SHUPHW SDV G¶REWHQLU GHV





(Q UpVXPp OD GLIIUDFWLRQ pOHFWURQLTXH FRXSOpH j OD FDUWRJUDSKLH FKLPLTXH HQPRGH
67(0RQWSHUPLVGHGpPRQWUHUODSUpVHQFHGDQVOD]RQHGXVRXVR[\GH7L2DLQVLTXHGH
FDUERQH
/HFRQWDFW UpDFWLIHQWUH7L2HW OHFDUERQHDpWppWXGLpHQPLFURVFRSLH pOHFWURQLTXH
KDXWH UpVROXWLRQ )LJXUH D /D WUDQVIRUPpH GH )RXUULHU HIIHFWXpH VXU OD ]RQH ULFKH HQ
FDUERQH )LJXUH E SUpVHQWH GHV DQQHDX[ GLIIXV GRQW O¶XQ HVW DVVRFLp j XQH GLVWDQFH
LQWHUDWRPLTXHGHc&HWWHGHUQLqUHHVWFDUDFWpULVWLTXHG¶XQHRUJDQLVDWLRQVHORQ OHVSODQV
 REVHUYpH SDU H[HPSOH VXU OHV GLDJUDPPHV GH GLIIUDFWLRQ GX FDUERQH WXUERVWUDWLTXH /D
WUDQVIRUPpH GH )RXUULHU HIIHFWXpH VXU OD SDUWLFXOH GH VRXVR[\GH 7L2 SUpVHQWH GHV WUDFHV
GLIIXVHV VHORQ OD UDQJpH >@ &H SKpQRPqQH HVW FDUDFWpULVWLTXH GH OD GpVWDELOLVDWLRQ GH
7L2OHVWUDvQpHVGLIIXVHVFRUUHVSRQGDQWDORUVjODUXSWXUHGHSpULRGLFLWpGHO¶HPSLOHPHQWGHV











GH FHWWH pWXGH )LJXUH HVW HQWRXUpHGH IUDFWXUHV HW SUpVHQWHXQH IRUWHGHQVLWpGHGpIDXWV
SODQV O TXL DWWHVWH G¶XQ GpEXW GH GpVWDELOLVDWLRQ GX FULVWDO /¶DQDO\VH HQ GLIIUDFWLRQ
pOHFWURQLTXHG¶XQH UpJLRQGH FHWWH FULVWDOOLWH )LJXUHEGpPRQWUH O¶H[LVWHQFHGHSOXVLHXUV




FDUDFWpULVWLTXH GH O¶D[H GH ]RQH >@ GX VRXVR[\GH 7L2 (Q UHYDQFKH OH VHFRQG VRXV
UpVHDX SHXW rWUH DVVRFLp j XQ D[H GH ]RQH >@ G¶XQH SKDVH FULVWDOOLQH FXELTXH WUDLWV HQ
SRLQWLOOpV VXU OD)LJXUH E /D GLVWDQFH LQWHUDWRPLTXH FDOFXOpH HVW SURFKH GH c/HV
GHX[ SKDVHV FULVWDOOLQHV SRXYDQW DGRSWHU XQH VWUXFWXUH FXELTXH VRQW OHV FRPSRVpV 7L2 HW
7L&[2\7RXWHIRLV OD IDLEOH GLIIpUHQFH GH SDUDPqWUH GHPDLOOH HQWUH FHV GHX[ FRPSRVpV QH
SHUPHW SDV HQ GLIIUDFWLRQ pOHFWURQLTXH FRQYHQWLRQQHOOH GH SULYLOpJLHU O¶XQH RX O¶DXWUH
7RXWHIRLVFHSUREOqPHVHUDDERUGpHQGpWDLOGDQVODGLVFXVVLRQGHFHFKDSLWUHVXUODEDVHGHV
UpDFWLRQVSRVVLEOHVPLVHVHQMHX
/D UHODWLRQ FULVWDOORJUDSKLTXHHQWUH FHVGHX[ UpVHDX[FULVWDOOLQVQ¶HVW SDV VLPSOH OHV
WDFKHV GH GLIIUDFWLRQ DVVRFLpHV DX[ SODQV >@ GH OD VWUXFWXUH FXELTXH VHPEODQW FRwQFLGHU
DYHFOHVSODQV>@GXVRXVR[\GH7L23DUDLOOHXUV ODSUpVHQFHGHFDUERQHDPRUSKHDX[
DERUGVGHFHWWHSDUWLFXOHSHXWrWUHMXVWLILpHSDUO¶DQQHDXGLIIXVREVHUYpVXUOHGLDJUDPPHGH


















)LJXUH  /HV REVHUYDWLRQV0(7 FRQILUPHQW TXH OD WDLOOH GHV FULVWDOOLWHV FRQVWLWXWLYHV GH
FHWWH ]RQH SHXYHQW DWWHLQGUH MXVTX¶j XQH GL]DLQH GH PLFURPqWUHV 3DU FRQVpTXHQW FH








/D)LJXUHDSUpVHQWH XQHREVHUYDWLRQ0(7GHVSDUWLFXOHVSUpVHQWHV DXERUGGH OD
]RQHGRQWXQHSDUWLHGHVFULVWDOOLWHVSHXWrWUHLQGH[pHjSDUWLUG¶D[HVGH]RQHFDUDFWpULVWLTXHV
GXVRXVR[\GHGH0DJQpOL7L2)LJXUHE&HWWHSKDVHGH0DJQpOLLQGLTXHTXHORUVTX¶RQ


















/¶pWXGH VWUXFWXUDOH PHQpH SDU PLFURVFRSLH pOHFWURQLTXH HQ WUDQVPLVVLRQ D SHUPLV
G¶LGHQWLILHU OHV GLIIpUHQWHV SKDVHV FRQVWLWXDQW OHV TXDWUH ]RQHV PLVHV HQ pYLGHQFH
SUpFpGHPPHQWGXUDQWO¶pWXGHGXFRQWDFWUpDFWLRQQHOGHVPRQROLWKHV7L&7L2
D/HVPpFDQLVPHVUpDFWLRQQHOVPLVHQMHXGXF{WpGH7L2
/HV WUDLWHPHQWVGH UHFXLW j&GHPRQROLWKHVGH7L&HQFRQWDFW DYHF ODSRXGUH
G¶DQDWDVH LQGXLVHQW HQ SUHPLHU OLHX XQH WUDQVIRUPDWLRQ DOORWURSLTXH GH FHOOHFL YHUV XQH
VWUXFWXUHUXWLOH/¶LGHQWLILFDWLRQGHGLIIpUHQWHVSKDVHVGH0DJQpOL7L27L2HW7L2GDQV
OHV]RQHVHW )LJXUHVHW ODLVVHVXSSRVHUXQH UpGXFWLRQSURJUHVVLYHGHFHVSKDVHV
VRXVVW°FKLRPpWULTXHVHQR[\JqQHGHVWHUPHVGHKDXWHVYDOHXUVGHµQ¶YHUVOHVSOXVIDLEOHV
&HWWH VpTXHQFH UpDFWLRQQHOOH D pWp SUpFpGHPPHQW REVHUYpH GDQV OH FDV GH OD UpGXFWLRQ
FDUERWKHUPLTXH GH O¶DQDWDVH PHQpH SDU 'DYLG HW DO >@ &HV DXWHXUV PHQWLRQQHQW
O¶LQWHUYHQWLRQ G¶XQ YHFWHXU JD]HX[ GH PRQR[\GH GH FDUERQH SHUPHWWDQW OD UpGXFWLRQ
SURJUHVVLYHGHVSKDVHVGH0DJQpOLVHSUpVHQWDQWVRXVIRUPHSXOYpUXOHQWH7RXWHIRLVGDQVOH
FDGUH GH OD SUpVHQWH pWXGH OH FRQILQHPHQW GH O¶HQVHPEOH GX V\VWqPH GDQV XQHPDWULFH HQ
JUDSKLWHFKHPLVpHGHSDS\H[VRXOqYHODTXHVWLRQGHODSURYHQDQFHGHPRQR[\GHGHFDUERQH
FRPPHVRXUFHUpGXFWULFH
,O HVW SOXV SUREDEOH TXH FHWWH UpGXFWLRQ SURJUHVVLYH GHV SKDVHV GH0DJQpOL V¶RSqUH
JUkFH j OD SUpVHQFH G¶XQ JUDGLHQW GH SRWHQWLHOV FKLPLTXHV HQ R[\JqQH &H SKpQRPqQH
LQGXLUDLW OH UHODUJDJH GH GLR[\JqQH RXGH&2J TXLPLJUHUDLW YHUV OH FDUEXUH VRXV IRUPH
PROpFXODLUH /D WHPSpUDWXUH GH UpGXFWLRQ GHV SKDVHV GH 0DJQpOL pWDQW LQIpULHXUH j OD




















&H SKpQRPqQH V¶DSSDUHQWH j FHOXL REVHUYp GDQV OD OLWWpUDWXUH GXUDQW O¶pWXGH GHV






(Q HIIHW HQ VXSSRVDQW GDQV XQ SUHPLHU WHPSV TXH OH VRXVR[\GH7L2 FRQVWLWXH OH
WHUPHOHSOXVUpGXLWGHVSKDVHVGH0DJQpOLHWTXHOHFDUERQHSURYLHQWGHODSKDVHR[\FDUEXUH
R[\GpHOHSURGXLWGHUpDFWLRQGHFHVGHX[FRPSRVpVGHYUDLWVHORFDOLVHUDXVHLQGHV©SHORWHV












(Q V¶DSSX\DQW VXU OHVGRQQpHVGH OD OLWWpUDWXUH DLQVLTXH OHVGLIIpUHQWHV REVHUYDWLRQV




WUDQVIHUW GH PDWLqUH GH O¶HVSqFH PpWDOOLTXH SRXUUDLW V¶HIIHFWXHU YLD XQ YHFWHXU JD]HX[ GH
PRQR[\GHGHWLWDQH&HWWHHVSqFHVHUDLWDFKHPLQpHYHUVOD]RQHFRQWHQDQWGXFDUEXUHGHWLWDQH
=RQHJUkFHjODSUpVHQFHGHIUDFWXUHVLQWHUFULVWDOOLQHVREVHUYpHVHQWUHOHVJUDLQVGHVRXV
R[\GH 7L2 /H PRQR[\GH GH WLWDQH VH UHFRQGHQVHUDLW VRXV IRUPH VROLGH LPSOLTXDQW OH
GpYHORSSHPHQWG¶XQHSKDVHR[\FDUEXUHQpRIRUPpH
x qPHK\SRWKqVH
&HWWH UpJLRQ SRXUUDLW pJDOHPHQW FRQVWLWXHU XQH ]RQH WUDQVLWRLUH UpVXOWDQW GH OD
GpVWDELOLVDWLRQGH ODSKDVH7L&[2\DXFRQWDFWGXGLR[\JqQHJD]HX[(T(QHIIHW VL OH
SURGXLW GH UpDFWLRQ Q¶HVW SDV REVHUYp HQWUH OH FDUERQH HW OH VRXVR[\GH 7L2 DX VHLQ GHV
SHORWHV UpDFWLRQQHOOHV FHV GHX[ SKDVHV QH VHUDLHQW GRQF SDV GHV UpDFWLIV LPSOLTXDQW OD
IRUPDWLRQG¶XQHSKDVHR[\FDUEXUHPDLVSOXW{WGHVSURGXLWVUpVXOWDQWVG¶XQHDXWUHUpDFWLRQ(Q
HIIHW OD GpVWDELOLVDWLRQ GH OD SKDVH 7L&[2\ SRXUUDLW rWUH DVVRFLpH j XQH SUpFLSLWDWLRQ
GLVFRQWLQXHLQWHUYHQDQWHQGpEXWGHUHFXLWHWGHPDQLqUHWUDQVLWRLUH
7L&[2\V2JÆ7L2V[&V (T
/HV REVHUYDWLRQV0(7 GH OD ]RQH  RQWPRQWUp TXH OH VRXVR[\GH 7L2 UpDJLVVDLW
DYHFOHFDUERQHVRXVIRUPHVROLGHGDQVOHV]RQHVQHSUpVHQWDQWSDVGHSHORWHVUpDFWLRQQHOOHV





'HSOXV DX VHLQ G¶XQHPrPH FULVWDOOLWH GH7L2 OHV REVHUYDWLRQV0(7RQWPRQWUp
O¶H[LVWHQFHGHUpJLRQVFXELTXHVGpVRULHQWpHVSDUUDSSRUWDXUpVHDXGH7L2)LJXUHE/D
SHUWHG¶RULHQWDWLRQGDQV OHSODQGHFHV FULVWDOOLWHVFXELTXHVSRXUUDLW rWUH OLpHj OD FURLVVDQFH
G¶XQH SKDVH FXELTXH 7L2 GDQV FHUWDLQHV UpJLRQV GX FULVWDO GH 7L2 (T  (Q HIIHW
O¶H[DPHQ GX GLDJUDPPH GH GLIIUDFWLRQ )LJXUH E PRQWUH TXH OHV Q°XGV GHV UpVHDX[
FULVWDOOLQVGH7L2 HW GH ODSDUWLFXOH FXELTXHQH VRQWSDV VWULFWHPHQW VXSHUSRVpV HW TXH FHW
pFODWHPHQWGHVUDLHVDWWHVWHG¶XQGpVDFFRUGSDUDPpWULTXHLPSRUWDQWVXSpULHXUjTXHOTXHV
&H GpVDFFRUG SDUDPpWULTXH SRXUUDLW rWUH j O¶RULJLQH G¶XQH LPSRUWDQWH DFFXPXODWLRQ GH
FRQWUDLQWHV HQWUH OHV SKDVHV7L2 HW FXELTXH FH TXL FRQGXLUDLW j XQH SHUWH GH O¶RULHQWDWLRQ
UHODWLYH GHV GHX[ UpVHDX[ ORUV GH OD FURLVVDQFH FULVWDOOLQH GH O¶R[\FDUEXUH GH WLWDQH )LJXUH
F
7L2V&VÆ7L2V&V (T
/HPRQR[\GH GH WLWDQH FRQVWLWXH j OD IRLV O¶R[\GH OH SOXV UpGXLW LVVX GHV SKDVHV GH
0DJQpOL PDLV SHXW rWUH DXVVL FRQVLGpUp FRPPH OH WHUPH OH SOXV ULFKH HQ R[\JqQH GH OD
VROXWLRQ VROLGH 7L[2\ (Q SUpVHQFH G¶XQ HQYLURQQHPHQW VDWXUp HQ FDUERQH ]RQH  LO HVW
SUREDEOH TXH 7L2 VRLW PpWDVWDEOH HW pYROXH LPPpGLDWHPHQW YHUV OD IRUPDWLRQ GHV WHUPHV
7L&[2\WUqVULFKHVHQR[\JqQH(T
7L2V[]&VÆ7L&[2\]&2J (T
&HVREVHUYDWLRQVFRQVWLWXHQWGHVDUJXPHQWVVXSSOpPHQWDLUHV MXVWLILDQW OD SUpVHQFHGH
GHX[UpDFWLRQVFRQFRPLWWDQWHVHWpWD\DQWODVHFRQGHK\SRWKqVH
(QUpVXPp ODSKDVHR[\FDUEXUHGH WLWDQHVH IRUPHUDLWQRQVHXOHPHQWGDQV OD]RQH
SDUO¶DSSRUWG¶XQHHVSqFHJD]HXVHYHFWHXUG¶R[\JqQHUpVXOWDQWGHODGpVWDELOLVDWLRQGHVSKDVHV
GH0DJQpOLPDLVpJDOHPHQWVXUOHVRXVUpVHDXGHODSKDVHGH0DJQpOL7L2GDQVOHVUpJLRQV
GH OD ]RQH  QH FRPSRUWDQW SDV GH SHORWHV UpDFWLRQQHOOHV 7RXWHIRLV OD PLFURVFRSLH
pOHFWURQLTXH HQ WUDQVPLVVLRQ Q¶D SDV SHUPLV GH TXDQWLILHU OHV VW°FKLRPpWULHV GH FHV SKDVHV
R[\FDUEXUHV 8QH pWXGH FRPSOpPHQWDLUH GH PLFURVFRSLH HQ IDLVFHDX FRQYHUJHQW VHUDLW









(Q VH IRFDOLVDQW VXU O¶pWXGH GHV GRPDLQHV GH VWDELOLWp GHV VROXWLRQV VROLGHV GHV SRXGUHV
G¶R[\FDUEXUHV0H&[2\ REWHQXHV SDU UpGXFWLRQ FDUERWKHUPLTXH XQHPpWKRGRORJLH SUpFLVH D
pWp PLVH HQ SODFH GDQV OH EXW GH GpWHUPLQHU OHV OLPLWHV KDXWHV HW EDVVHV GHV GLIIpUHQWHV
VROXWLRQVVROLGHV
(Q SUHPLHU OLHX OHV PpFDQLVPHV LPSOLTXpV GDQV OD UpGXFWLRQ FDUERWKHUPLTXH GH
O¶KDIQLHRQWpWppWXGLpVSDUXQHDSSURFKHVWUXFWXUDOHHWPLFURVWUXFWXUDOH/HVV\VWqPHV=U2&
HW7L2&D\DQWGpMjIDLWO¶REMHWG¶pWXGHVSDUFHWWHPpWKRGHPHQpHVDXVHLQGXODERUDWRLUHXQH
FRPSDUDLVRQ GHV PpFDQLVPHV UpDFWLRQQHOV LPSOLTXpV D DLQVL SX rWUH HIIHFWXpH (Q HIIHW LO
V¶DYqUHTXHODVWUXFWXUHFULVWDOOLQHGXGLR[\GHXWLOLVpFRPPHUpDFWLIGHGpSDUWLQIOXHQFHOHW\SH
GHPpFDQLVPH REVHUYp H[SpULPHQWDOHPHQW /HV R[\GHV GH VWUXFWXUHPRQRFOLQLTXH +I2 HW
=U2 VH GpVWDELOLVHQW HQ SKDVH JD]HXVH =U2 HW +I2 JUkFH j O¶DSSDULWLRQ GH PDUFKHV
FULVWDOOLQHVHQVXUIDFHVGHVFULVWDOOLWHVFRQVWLWXDQWGHVUpJLRQVSUpIpUHQWLHOOHV(QDWPRVSKqUH
UpGXFWULFH FHV HVSqFHV VH UHFRQGHQVHQW GDQV OHV UpJLRQV ULFKHV HQ FDUERQH R OD SKDVH
R[\FDUEXUHSHXWQXFOpHU&HVGHX[V\VWqPHVVHVLQJXODULVHQWSDUO¶pYROXWLRQGHVFRPSRVLWLRQV









GLR[\GH FHV GLIIpUHQWHV pWXGHV RQW GpPRQWUp TXH OD WDLOOH GHV FULVWDOOLWHV GH GpSDUW
Q¶LQIOXHQoDLWSDVFHOOHGXSURGXLWILQDO(QHIIHWOHFDUDFWqUHSXUHPHQWUHFRQVWUXFWLIGHFHWWH
UpDFWLRQ LPSOLTXH O¶LQWHUYHQWLRQ GH YHFWHXUV JD]HX[ UpJLVVDQW OHV GLIIpUHQWV pTXLOLEUHV 3DU
DLOOHXUV FHPrPHSURGXLW ILQDO SUpVHQWH GHV WUDFHV UpVLGXHOOHV G¶R[\JqQH DX VHLQ GX UpVHDX






+I&[2\ HW 7L&[2\ RQWPLV FODLUHPHQW HQ pYLGHQFH GHV GLIIpUHQFHVPDMHXUHV HQWUH FHV WURLV
V\VWqPHV (Q FRXSODQW OHV PpWKRGHV GH FDUDFWpULVDWLRQ DQDO\VHV FKLPLTXHV pOpPHQWDLUHV
GRVDJHGHSKDVHVSDUGLIIUDFWLRQGHVUD\RQV;HWPLFURVFRSLHpOHFWURQLTXHHQWUDQVPLVVLRQ
OHVFRPSRVLWLRQVGHVGLIIpUHQWHVSKDVHVR[\FDUEXUHV\QWKpWLVpHVRQWSXrWUHGpWHUPLQpHV'H
SOXVFHVGLIIpUHQWHV WHFKQLTXHVGHFDUDFWpULVDWLRQRQWSHUPLVGHGpILQLU OHV OLPLWHVKDXWHVHW
EDVVHV GHV GLIIpUHQWHV VROXWLRQV VROLGHV R[\FDUEXUpHV 3RXU UDSSHO O¶DXJPHQWDWLRQ GH OD
VROXELOLWpGHO¶R[\JqQHDXVHLQGXUpVHDXFULVWDOOLQDpWpPLVHHQpYLGHQFHVXUOHV\VWqPH=U&
2HQWUH & HW &3DU DLOOHXUV OH GRPDLQHGH VWDELOLWp GH O¶R[\FDUEXUH G¶KDIQLXP
VHPEOHSOXVUHVWUHLQWjFHVWHPSpUDWXUHVHWDXFXQHpYROXWLRQGHODVROXELOLWpGHO¶R[\JqQHQ¶D
SXrWUHPLVH HQpYLGHQFHHQWUH&HW&(QILQ LO DpWpGpPRQWUpTX¶j&HW
&ODVROXWLRQVROLGHHVWFRPSOqWHHQWUHOHVFRPSRVpV7L&2HW7L2
&HWWH pWXGH D pJDOHPHQW SHUPLV GH WUDFHU GHV DEDTXHV UHSUpVHQWDQW O¶pYROXWLRQ GX
SDUDPqWUHGHPDLOOHGHVGLIIpUHQWHVSKDVHVR[\FDUEXUHVHQIRQFWLRQGHOHXUFRPSRVLWLRQ(Q
XWLOLVDQWXQpWDORQ LQWHUQHVXUXQH ODUJHJDPPHDQJXODLUH OHVDIILQHPHQWVGHSDUDPqWUHVGH
PDLOOHSHXYHQWFRQVWLWXHUGHVGRQQpHVDX[TXHOV LOHVWSRVVLEOHGHVH UpIpUHUHQYXHG¶pWXGHV
XOWpULHXUHV




0DJQpOL/DSKDVHGH0DJQpOL ODSOXV UpGXLWHREVHUYpHGXUDQWFHWWHpWXGHHVW OHVRXVR[\GH
7L2 7RXWHIRLV DILQ G¶REWHQLU GHV GRQQpHV GLDJUDPPDWLTXHV SHUWLQHQWHV SRXU OD





OHV SDUDPqWUHV GHPDLOOH GHV GLIIpUHQWV R[\FDUEXUHV GH WLWDQH HQ SUpVHQFH(Q UHSRUWDQW FHV




































&H GHUQLHU FKDSLWUH D SRXU REMHFWLI SULQFLSDO GH IRXUQLU DX OHFWHXU XQH SUHPLqUH
DSSURFKH GHV GLIIpUHQWHVPRGpOLVDWLRQV WKHUPRG\QDPLTXHV GHV V\VWqPHV WHUQDLUHV0H&2
/D GHVFULSWLRQ G¶XQ V\VWqPH WHUQDLUH UHTXLHUW XQH RSWLPLVDWLRQ ILQH GH VHV WURLV V\VWqPHV
ELQDLUHV FRQVWLWXWLIV3DU FRQVpTXHQW HW FRPPHQRXV O¶DYRQVSUpFpGHPPHQW pYRTXpGDQV OD
SDUWLH ,,, GX FKDSLWUH  OD FRPSLODWLRQ GH O¶pWDW GH O¶DUW HIIHFWXpH VXU OHV GLDJUDPPHV GH
SKDVHV ELQDLUHV 0H& HW 0H2 VHUD YRORQWDLUHPHQW WUDLWpH GDQV FH FKDSLWUH (Q HIIHW
O¶H[LVWHQFH G¶XQH OLWWpUDWXUH DERQGDQWH VXU FHV VRXVV\VWqPHV HW OD YDULpWp GHV PRGqOHV
WKHUPRG\QDPLTXHV XWLOLVpV QpFHVVLWHQW XQH UpIOH[LRQ VXU OHXU FRPSDWLELOLWp HQ YXH GH
O¶RSWLPLVDWLRQGHVV\VWqPHVG¶RUGUHVXSpULHXU
/H SULQFLSH GH OD PpWKRGH GH &$/3+$' DLQVL TX¶XQH UHYXH GHV PRGqOHV
WKHUPRG\QDPLTXHVFRXUDPPHQWXWLOLVpVGDQVODOLWWpUDWXUHIHURQWO¶REMHWGHODSUHPLqUHSDUWLH
GHFHFKDSLWUH/¶REMHFWLIGHFHOOHFLQHUpVLGHSDVGDQVXQHFRPSLODWLRQH[KDXVWLYHGHWRXVOHV






/D SUpVHQWDWLRQ GHV SUHPLHUV UpVXOWDWV GHV PRGpOLVDWLRQV WKHUPRG\QDPLTXHV GHV




/D PRGpOLVDWLRQ GHV SURSULpWpV WKHUPRG\QDPLTXHV HW OH FDOFXO GH GLDJUDPPHV GH
SKDVHV IXUHQW GpYHORSSpV DILQ GH UHQGUH FRPSWH GHV UpVXOWDWV REWHQXV SDU GLIIpUHQWHV
WHFKQLTXHVH[SpULPHQWDOHVH[LVWDQWHVGDQVOHFDVGHV\VWqPHVVLPSOHVPDLVpJDOHPHQWGDQVOH







>@ LO HVW SRVVLEOHG¶HIIHFWXHUGHV FDOFXOVG¶pTXLOLEUH HW GHPRGpOLVHUGHVGLDJUDPPHVGH
SKDVHVjSDUWLUGHVIRQFWLRQVWKHUPRG\QDPLTXHVRSWLPLVpHVVXUODEDVHGHGRQQpHVUHFXHLOOLHV
H[SpULPHQWDOHPHQW
8Q V\VWqPH JOREDO HVW PRGpOLVp HQ V¶DSSX\DQW VXU OHV VRXVV\VWqPHV




/D PpWKRGH &$/3+$' UHSRVH VXU OH IDLW TX¶XQ GLDJUDPPH GH SKDVHV HVW XQH
UHSUpVHQWDWLRQ JUDSKLTXH GHV pTXLOLEUHV WKHUPRG\QDPLTXHV HQWUH SKDVHV G¶XQ V\VWqPH /D
PRGpOLVDWLRQHQWDQWTXHWHOOHHVWEDVpHVXUO¶XWLOLVDWLRQGHODIRQFWLRQG¶HQWKDOSLHOLEUH*GHOD
SKDVH RX pQHUJLH GH *LEEV MRXDQW OH U{OH GH SRWHQWLHO ORUVTXH OHV YDULDEOHV GX V\VWqPH
7HPSpUDWXUH 7 3UHVVLRQ 3 FRPSRVLWLRQ QL VRQWPRGLILpHV &HWWH IRQFWLRQ HVW UHSUpVHQWpH




WHUPHV GH SOXV KDXWV GHJUpV SHUPHWWHQW GH GpFULUH OD FDSDFLWp FDORULILTXH &S GH OD SKDVH
FRQFHUQpHHQIRQFWLRQGHODWHPSpUDWXUH/HVGLDJUDPPHVGHSKDVHVpWDQWGpILQLVjSUHVVLRQ



















/DPRGpOLVDWLRQHW O¶RSWLPLVDWLRQG¶XQV\VWqPH WKHUPRG\QDPLTXH UHTXLqUHQW ODSULVH
HQFRPSWHGHPRGqOHVSHUPHWWDQWGHGpFULUHFKDTXHSKDVHFRQVWLWXWLYHGXV\VWqPH/DTXDOLWp
GHO¶RSWLPLVDWLRQUpVLGHGDQVOHFKRL[GHVPRGqOHVGpFULYDQWGHPDQLqUHFRKpUHQWHODUpDOLWp
SK\VLTXH GH FHV SKDVHV 7RXWHV OHV SURSULpWpV UHODWLYHV j OD FULVWDOORJUDSKLH GHV SKDVHV
pWXGLpHV j OHXU VRXVVW°FKLRPpWULH SRWHQWLHOOH RX j OHXU RUGUH pYHQWXHO VRQW GHV SUpUHTXLV
LQGLVSHQVDEOHVDILQGHSRXYRLUDVVRFLHUjFKDFXQHGHVSKDVHVpWXGLpHVOHPRGqOHDGpTXDW
3DU DLOOHXUV OH FKRL[ GH PRGqOHV GpMj H[LVWDQWV GDQV OD OLWWpUDWXUH XWLOLVpV SRXU




'DQV XQ SUHPLHU WHPSV LO HVW QpFHVVDLUH GH GpFULUH OHV FRUSV SXUV FRPSRVDQW XQ
V\VWqPH SULV LQGpSHQGDPPHQW OHV XQV GHV DXWUHV /H JURXSH VFLHQWLILTXH 6*7( 6FLHQWLILF
*URXSH7KHUPRGDWD(XURSHHW OHVWUDYDX[G¶$7'LQVGDOH >@RQWODUJHPHQWFRQWULEXpj
O¶pWDEOLVVHPHQW GHV GRQQpHV WKHUPRG\QDPLTXHV UHODWLYHV DX[ FRUSV SXUV &HV GRQQpHV VRQW
UpIpUHQFpHV SDU UDSSRUW j O¶HQWKDOSLH GDQV OHXU pWDW VWDEOH GH UpIpUHQFH QRWpH +L6(57 HQ
IRQFWLRQGHVGLIIpUHQWVpWDWVSK\VLTXHVGHODPDWLqUHVROLGHOLTXLGHRXJD]/¶DFURQ\PH6(5













ܥ௣ሺܶሻ ൌ ܿ ൅ ݀ܶ ൅ ݁ܶଶ ൅ ݂ܶିଶ (T
 










݁ܶଷ െ ݂ܶିଵ (T
 














SKDVHMQpFHVVLWHGHGpFULUH OHVFRUSVSXUVGDQV ODPrPHVWUXFWXUHTXH OD SKDVHRFHX[FL
VRQW ELHQ VRXYHQW PpWDVWDEOHV /D GLIIpUHQFH ܩ௜
ఝ െ ܩ௜





GH IDLUH DSSHO j O¶K\SRWKqVH GH .RSS1HXPDQQ GpFULYDQW OD FDSDFLWp FDORULILTXH G¶XQ
FRPSRVp GpILQL FRPPH OD VRPPH SRQGpUpH GHV FDSDFLWpV FDORULILTXHV GHV pOpPHQWV SXUV
FRQVWLWXWLIV
ܥ݌௖௢௠௣Ǥ௦௧ ൌ σ ݔ௜ܥ݌௜௜  (T
3DUFHWWHK\SRWKqVHLOHVWSRVVLEOHGHGpILQLUO¶HQWKDOSLHOLEUHGXFRPSRVpVW°FKLRPpWULTXHWHO
TXH
ܩ௖௢௠௣Ǥ௦௧଴ ሺܶሻ െ ܪ௖௢௠௣Ǥ௦௧ௌாோ ሺʹͻͺǡͳͷܭሻ



























 (OOH HVW OLpH j O¶HQWURSLH FRQILJXUDWLRQQHOOH G¶XQ PpODQJH DOpDWRLUH GH GHX[ RX
SOXVLHXUVpOpPHQWVDSSHOpPpODQJHLGpDO
ܩ௠௜௫




WHUPH GpFULW SDU OH IRUPDOLVPH GH 5HGOLFK.LVWHU >@ HVW DSSHOp pQHUJLH G¶H[FqV GX
PpODQJH
ܩ௠௜௫





HVWGpSHQGDQWGHODWHPSpUDWXUHHWSUHQGpJDOHPHQWODIRUPHG¶XQSRO\Q{PHR ܽ௜ǡ௝௡ HW ܾ௜ǡ௝௡ 
VRQWGHVYDULDEOHVDMXVWDEOHVORUVGHO¶RSWLPLVDWLRQGHVGRQQpHV
ܮ௜ǡ௝௡ ൌ  ܽ௜ǡ௝௡ ൅ ܾ௜ǡ௝ܶ௡  (T
8Q WHUPH G¶LQWHUDFWLRQ SRVLWLI FRUUHVSRQG j XQH UpSXOVLRQ GHV DWRPHV GH QDWXUHV
GLIIpUHQWHV RX j UHJURXSHU OHV DWRPHV GHPrPH QDWXUH&HOD SHXW FRQGXLUH GDQV FHUWDLQHV
FLUFRQVWDQFHV j GHV ODFXQHV GHPLVFLELOLWp8Q WHUPH G¶LQWHUDFWLRQ QXO WUDGXLUD XQ FDUDFWqUH
DOpDWRLUHGHODVROXWLRQDXFXQHLQWHUDFWLRQHQWUH OHVDWRPHVFRQVWLWXWLIV WDQGLVTX¶XQWHUPH
G¶LQWHUDFWLRQQpJDWLIWUDGXLUDXQHWHQGDQFHDWWUDFWLYHHQWUHDWRPHVGHQDWXUHVGLIIpUHQWHV'DQV
FH FDVSUpFLV XQHPLVHHQRUGUH j FRXUWHGLVWDQFH V¶pWDEOLW FKDTXHDWRPHD\DQW WHQGDQFHj





/D )LJXUH  UDVVHPEOH TXHOTXHV FDV W\SLTXHV GH YDULDWLRQV GHV SDUDPqWUHV
G¶LQWHUDFWLRQ ܮ௜ǡ௝
௅௜௤௨௜ௗ௘଴ HW ܮ௜ǡ௝



















/HV SKDVHV SUpVHQWDQW XQ RUGUH j ORQJXH GLVWDQFH SHXYHQW rWUH GpFULWHV JUkFH DX
IRUPDOLVPH HQ VRXVUpVHDX[ GLW &() &RPSRXQG (QHUJ\ )RUPDOLVP 3DU FH PRGqOH OHV
FRPSRVpVGpILQLVPDLVDXVVL O¶pFDUWj OD VW°FKLRPpWULHSHXYHQWrWUH WUDLWpV8QFRPSRVpHVW
RUGRQQp ORUVTXH OHV VLWHV FDUDFWpULVWLTXHV SUpVHQWHQW GHV WDX[ G¶RFFXSDWLRQ GLIIpUHQWV &H
IRUPDOLVPHIXWGpFULWGDQVXQSUHPLHUWHPSVSDU+LOOHUW>@HWFRPSOpWpSDUODVXLWHSDUOHV
WUDYDX[ GH 6XQGPDQ >@ *pQpUDOHPHQW FHOXLFL SHUPHW GH GpFULUH OHV VROLGHV FULVWDOOLQV


































6HORQ FH IRUPDOLVPH OD VWUXFWXUH GH OD SKDVH ĳ pWXGLpH SHXW rWUH UHSUpVHQWpH
VLPSOHPHQW SDU OD IRUPXOH $%N '(O R$ HW%SUHQQHQW SRVLWLRQ DX VHLQ GX SUHPLHU
VRXVUpVHDX HW ' HW ( VXU OH VHFRQG /HV FRHIILFLHQWV N HW O UHSUpVHQWHQW OHV FRHIILFLHQWV
VW°FKLRPpWULTXHV HW XQHPROHGH FHWWHSKDVH FRQWLHQW NOPROHVGH FHV DWRPHV/¶pTXDWLRQ
 SUpVHQWpH SUpFpGHPPHQW SHUPHW GH GpFULUH O¶HQWKDOSLH OLEUH GH OD SKDVH ĳ VHORQ FH
IRUPDOLVPH
 /¶HQWKDOSLHOLEUHGHUpIpUHQFHSUHQGODIRUPHVXLYDQWH




















௘௫ ൌ σ ςݕ௜
௦












pJDOHPHQW OHV OLTXLGHV SUpVHQWDQW XQ RUGUH j FRXUWH GLVWDQFH DXWRXU GH FRPSRVLWLRQV
VSpFLILTXHV FHOOHV GHV DVVRFLpV /H WHUPH ©DVVRFLpª GpVLJQH XQ FRPSRVp ILFWLI SRXU OHV
EHVRLQVGHODPRGpOLVDWLRQRXUpHOG¶XQHGXUpHGHYLHYDULDEOHSRXYDQWVHIRUPHUDXVHLQGH
ODSKDVHFRQGHQVpH/HVSURSULpWpV WKHUPRG\QDPLTXHVGX OLTXLGHGpSHQGHQWGH O¶pQHUJLHGH
IRUPDWLRQ GHV DVVRFLpV SOXW{W TXH GHV LQWHUDFWLRQV HQWUH OHV GLIIpUHQWV FRQVWLWXDQWV (Q
FRQVpTXHQFHOHGLDJUDPPHUHSUpVHQWDQWO¶pYROXWLRQGHO¶HQWKDOSLHGHPpODQJHVHUDFDUDFWpULVp
SDUXQDQJOHSRLQWXDXQLYHDXGHODFRPSRVLWLRQFULWLTXHGHO¶DVVRFLp
'DQV OH FDV G¶XQ V\VWqPHELQDLUH$% RQ FRQVLGqUH SDU H[HPSOH OD IRUPDWLRQ G¶XQ
DVVRFLpGHIRUPXOH$L%MGDQV ODSKDVH OLTXLGH&H OLTXLGHFRQWLHQWSDUFRQVpTXHQWQ$HWQ%
























DVVRFLp UpVLGH GDQV OH IDLW TXH OD VWUDWpJLH G¶RSWLPLVDWLRQ GHV GLIIpUHQWV SDUDPqWUHV HVW
VLPSOLILpH 3DU DLOOHXUV LO HVW pJDOHPHQW SRVVLEOH G¶pWHQGUH FHPRGqOH j XQ V\VWqPHPXOWL




O¶H[LVWHQFHGHFHVHVSqFHV UHVWHGLIILFLOHPHQW MXVWLILDEOHG¶XQSRLQWGHYXHSK\VLTXHHW FHWWH
REVHUYDWLRQ FRQVWLWXH XQH GHV OLPLWHV GH FH PRGqOH 'H SOXV O¶XWLOLVDWLRQ GH FH PRGqOH





1 6DXQGHUV HW $3 0LRGRZQLN >@ TXDWUH W\SHV GH PRGqOHV LRQLTXHV VRQW GpFULWV
H[KDXVWLYHPHQW /H EXW GH FHWWH SDUWLH Q¶HVW SDV GH SUpVHQWHU O¶LQWpJUDOLWp GHV PRGqOHV
WKHUPRG\QDPLTXHV H[LVWDQWVPDLV VHXOHPHQW FHX[XWLOLVpVGDQV OD OLWWpUDWXUHSRXU pWDEOLU OHV
GLIIpUHQWVGLDJUDPPHVGHSKDVHVFRPSRVDQWOHVV\VWqPHVpWXGLpV/HPRGqOHLRQLTXHHQVRXV
UpVHDX[ HVW EDVp VXU OD VpSDUDWLRQ HQ GHX[ VRXVUpVHDX[ GLVWLQFWV O¶XQ FRPSRVp G¶DQLRQV
O¶DXWUH GH FDWLRQV G¶XQ FULVWDO /¶HQWURSLH GX V\VWqPH GpSHQG GHV WDX[ G¶RFFXSDWLRQ
DQLRQLTXHV HW FDWLRQLTXHV VXU OHXU VRXVUpVHDX UHVSHFWLI /RUVTXH OD YDOHQFH GHV FDWLRQV HVW
LGHQWLTXH j FHOOH GHV DQLRQV O¶pOHFWURQHXWUDOLWp GX V\VWqPH HVW UHVSHFWpH /D VLWXDWLRQ VH
FRPSOLTXHORUVTXHOHVGHX[pWDWVGHYDOHQFHQHVRQWSOXVLGHQWLTXHV&KDTXHVRXVUpVHDXSHXW
pJDOHPHQWDFFXHLOOLUSOXVLHXUVFDWLRQVRXDQLRQVGHYDOHQFHVLGHQWLTXHVRXGLIIpUHQWHVTXHO¶RQ















R L HW P VRQW OHV YDOHQFHV UHVSHFWLYHV GX FDWLRQ , HW GH O¶DQLRQ 0 &HV GHX[ IUDFWLRQV
UHPSODFHQWOHVIUDFWLRQVGHVLWHVGDQVO¶H[SUHVVLRQGHO¶HQWKDOSLHOLEUHGHUpIpUHQFHDLQVLTXH














ቁ ሺσ ݕெଶ ݈݋݃௘ݕெଶெ ሻ(T
&HWWH DSSURFKH HVW DGDSWpH j GHV V\VWqPHV QH FRPSUHQDQW SDV G¶pOpPHQWV QHXWUHV HW





HQVRXVUpVHDXFRQQXVRXV OHQRPGHPRGqOH LRQLTXHHQGHX[VRXVUpVHDX[SRXU OHVSKDVHV
FRQGHQVpHV DILQ GH SRXYRLUPRGpOLVHU OHV OLTXLGHV RX OHV VROXWLRQV VROLGHV SUpVHQWDQW GHV
FDWLRQVHWGHVDQLRQVGHYDOHQFHVGLIIpUHQWHV&RPPHGDQVOHFDVSUpFpGHQW OHVIUDFWLRQVGH
FKDTXH FRQVWLWXDQW VRQW FRQVLGpUpHV FRPPH GHV YDULDEOHV GH OD FRPSRVLWLRQ &H PRGqOH
LQFRUSRUH OD QRWLRQ GH ODFXQHV DX VHLQ GX VRXVUpVHDX DQLRQLTXH SHUPHWWDQW GH UHVSHFWHU





ܩ௠ ൌ σ σ ݕܿ௜ݕ஺೔ܩ஼೔ǣ஺ೕ
଴ ൅ ܳݕ௏௔ σ ݕܿ௜ܩ஼೔
଴ ൅௜ ܳ σ ݕ஻೔ܩ஻೔
଴
௞௝௜ ൅ ܴܶ ൬ܲ σ ݕ஼೔݈݋݃௘௜ ݕ஼೔ ൅
ܳ ቀσ ݕ஺ೕ௝ ݈݋݃௘ݕ஺ೕ ൅ ݕ௏௔݈݋݃௘ݕ௏௔ ൅σ ݕ஻ೖ݈݋݃௘ݕ஻ೖ௞ ቁ൰ ൅ σ σ σ ݕ௜భݕ௜మݕ௝ܮ௜భ௜మǣ௝௝௜మ௜భ ൅
σ σ ݕ௜భݕ௜మݕ௏௔
ଶ ܮ௜భ௜మǣ௏௔௜మ௜భ ൅ σ σ σ ݕ௜ݕ௝భݕ௝మܮ௜ǣ௝భǣ௝మ௝మ௝భ௜ ൅ σ σ ݕ௜ݕ௝ݕ௏௔ܮ௜భ௜మǣ௏௔௝௜ ൅
σ σ σ ݕ௜ݕ௝ݕ௞ܮ௜ǣ௝௞௞௝௜ ൅ σ σ ݕ௜݆ݕ௏௔ܮ௜ǣ௏௔௞௞௜ ൅σ σ ݕ௞భݕ௞మܮ௞భ௞మ௞మ௞భ 





଴ OHV HQWKDOSLHV GH IRUPDWLRQ UHVSHFWLYHV GHV SKDVHV FRQGHQVpHV &L HW %L /HV WURLV
SUHPLHUV WHUPHV FRUUHVSRQGHQW j O¶pQHUJLH GH *LEEV GDQV O¶pWDW GH UpIpUHQFH /HV WHUPHV
VXLYDQWVGpSHQGDQWVGXIDFWHXU57FRUUHVSRQGHQWjO¶pQHUJLHPLVHHQ°XYUHORUVGXPpODQJH




GH SKDVHV UHTXLHUW OD FRQQDLVVDQFH GH OD FULVWDOORJUDSKLH GHV SKDVHV SUpVHQWHV DX VHLQ GX
V\VWqPHpWXGLp(QHIIHWOHFKRL[GHVPRGqOHVHWGHVFRHIILFLHQWVVW°FKLRPpWULTXHVDSSOLTXpV
VXU FKDTXH VRXVUpVHDX GRLW rWUH HQ DFFRUG DYHF OD UpDOLWp SK\VLTXH GHV SKDVHV GpFULWHV /D
































ȕ+I&2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 :
Ȗ=U&Ȗ7L&Ȗ+I& )&&B% F) )PP 1D&O
Ȗ=U2Ȗ+I2 )&&B& F) )PP &D)
Į=U2Į+I2 & P3 3F
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 1D&O


















G¶pTXLOLEUH GDQV XQ V\VWqPH SDU XQ SURFpGp GH PLQLPLVDWLRQ G¶pQHUJLH (QPXOWLSOLDQW OHV
FDOFXOVSRXUGLIIpUHQWHVFRPSRVLWLRQVHWWHPSpUDWXUHVRQUpDOLVHXQHFDUWRJUDSKLHG¶pTXLOLEUHV
WKHUPRG\QDPLTXHV FRUUHVSRQGDQW DX GLDJUDPPH GH SKDVHV GX V\VWqPH ,O HVW pJDOHPHQW
SRVVLEOH GH WUDFHU GHV LVRSOqWKHV RX HQFRUH GHV IRQFWLRQV WKHUPRG\QDPLTXHV GpFULYDQW OH
V\VWqPHHQ IRQFWLRQGHGLYHUVHVYDULDEOHV&HV FDOFXOVSHUPHWWHQWQRWDPPHQWGHGpFULUH OHV
pTXLOLEUHVVWDEOHVG¶XQV\VWqPHPDLVpJDOHPHQWOHVpTXLOLEUHVPpWDVWDEOHV
/¶DYDQWDJHGHFHWWHPpWKRGHUpVLGHGDQVODYLVXDOLVDWLRQGHSKpQRPqQHVGLIILFLOHPHQW



















&H V\VWqPH ELQDLUH IXW O¶XQ GHV SOXV pWXGLpV GDQV OD OLWWpUDWXUH HW D IDLW O¶REMHW GH






H[SpULPHQWDOHV $FWXHOOHPHQW OD PHLOOHXUH GHVFULSWLRQ WKHUPRG\QDPLTXH HVW SURSRVpH SDU
*XLOOHUPHW>@&HGLDJUDPPHELQDLUH)LJXUHHVWFRPSRVpGHFLQTSKDVHVFRQGHQVpHV
/H ]LUFRQLXP PpWDOOLTXH SUpVHQWH GHX[ VWUXFWXUHV FULVWDOORJUDSKLTXHV GLVWLQFWHV $
EDVVHWHPSpUDWXUHLOVHSUpVHQWHVRXVVDIRUPHKH[DJRQDOHSVHXGRFRPSDFWHĮ=UQRPPpH
SDUODVXLWH+&3B$$ODVXLWHG¶XQHWUDQVLWLRQPDUWHQVLWLTXHjKDXWHWHPSpUDWXUHFHOXLFL
GHYLHQW FXELTXH FHQWUp ȕ=U QRWpH %&&B$ 3DU DLOOHXUV FH GLDJUDPPH HVW FRPSRVp
pJDOHPHQWGHODVWUXFWXUHȖGHW\SH1D&OGXFDUEXUHVRXVVW°FKLRPpWULTXHHQFDUERQH=U&[
QRWppJDOHPHQW)&&B%GXFDUERQHVRXVVDIRUPHJUDSKLWHHWSRXUILQLUGXOLTXLGH
/D GHVFULSWLRQ GHV GLIIpUHQWHV HVSqFHV JD]HXVHV HVW H[WUDLWH GH OD EDVH GH GRQQpHV
668%  >@ /HV VROXWLRQV VROLGHV SUpFpGHPPHQW FLWpHV +&3B$ HW %&&B$ VRQW
GpULYpHV GHV VWUXFWXUHV KH[DJRQDOH FRPSDFWH G¶XQH SDUW HW FXELTXH FHQWUpH G¶DXWUH SDUW
G¶DWRPHV GH ]LUFRQLXP SRVVpGDQW XQH IDLEOH IUDFWLRQ GH VLWHV RFWDpGULTXHV RFFXSpV SDU OHV
DWRPHVGHFDUERQH
'DQV OH FDV GX FRPSRVp VRXVVW°FKLRPpWULTXH Ȗ=U&[ OD VWUXFWXUH GpULYH G¶XQ
HPSLOHPHQWFXELTXHjIDFHVFHQWUpHVG¶DWRPHVGH]LUFRQLXPGRQWXQHLPSRUWDQWHIUDFWLRQGH
VLWHVRFWDpGULTXHVHVWRFFXSpSDUOHVDWRPHVGH&%DVpVXUOHPRGqOHGHVXEVWLWXWLRQHQGHX[
VRXVUpVHDX[ IRUPDOLVPH &() OH ]LUFRQLXP RFFXSH OH SUHPLHU VRXV UpVHDX WDQGLV TXH OH
VHFRQGHVWSDUWDJpHQWUHOHVDWRPHVGHFDUERQHHWGHVODFXQHV/HPRGqOHVpOHFWLRQQpV¶pFULW




XQH IUDFWLRQPRODLUH GH FDUERQH pJDOH j  3DU DLOOHXUV O¶pQHUJLH GH*LEEV GX FDUERQH
VRXV VD IRUPH JUDSKLWH VH EDVH VXU OHV WUDYDX[ GH *XVWDIVRQ >@ UHSULV SDU OD VXLWH SDU
'LQVGDOH >@ ORUV GH OD FRPSLODWLRQ GHV GRQQpHV WKHUPRG\QDPLTXHV QpFHVVDLUHV j OD
GHVFULSWLRQGHVFRUSVSXUV




































/LTXLGH՞)&&B%    
/LTXLGH՞)&&B%&    
/LTXLGH՞%&&B$    
/LTXLGH՞%&&B$)&&B%    
%&&B$)&&B%՞+&3B$    




=U D ODUJHPHQW pWp pWXGLp GDQV OD OLWWpUDWXUH /HV SKDVHV FRQGHQVpHV LGHQWLILpHV GDQV FH
V\VWqPHVRQWOHOLTXLGHODSKDVH)&&B&=U2[PRQR=U2RXĮ=U2WHWUD=U2RXȕ
=U2+&3B$=U%&&B$=U&H GLDJUDPPH D IDLW O¶REMHW G¶XQH SUHPLqUH RSWLPLVDWLRQ






















/H WUDYDLO OH SOXV UpFHQWPHQp VXU FH V\VWqPH SURYLHQW GHV WUDYDX[ GH:DQJ HW DO
>@ GRQW OHV GLIIpUHQWV PRGqOHV XWLOLVpV VRQW FRPSLOpV GDQV OH 7DEOHDX  7RXWHIRLV OD
GHVFULSWLRQ GH OD SKDVH %&&B$ XWLOLVpH SDU FHV DXWHXUV Q¶HVW SDV HQ DGpTXDWLRQ DYHF OD
GHVFULSWLRQ GH*XLOOHUPHW pWDEOLH GXUDQW O¶pWXGH GX GLDJUDPPH ELQDLUH &=U HQWUDLQDQW XQH
LQFRPSDWLEOLWp GH VRXVUpVHDX $ O¶H[FHSWLRQ GH &KHYDOLHU HW DO >@ FHV SKDVHV VRQW






















$ FHWWH GHVFULSWLRQ V¶RSSRVH OH PRGqOH GLW LRQLTXH SUpIpUp GDQV OD OLWWpUDWXUH SDU
FHUWDLQVDXWHXUV LQFRUSRUDQWGHVFDWLRQVVXU OH UpVHDXGX]LUFRQLXPHWGHVFKDUJHVQpJDWLYHV
SRXYDQW SUHQGUH OD IRUPHG¶LRQV VXSHUR[\GH2 RX GH ODFXQHV FKDUJpHV DX VHLQ GX VHFRQG
VRXVUpVHDX>±@/HVUpVXOWDWVGHVGLIIpUHQWHVRSWLPLVDWLRQVHIIHFWXpHVGXUDQWFKDFXQH









/HV FDUDFWpULVWLTXHV GHV LQYDULDQWV H[WUDLWHV GH OD )LJXUH  VRQW FRPSLOpHV GDQV OH
7DEOHDX
(TXLOLEUHV 7HPSpUDWXUHV.& &RPSRVLWLRQVGHVSKDVHVDWGH2
/+&3B$՞%&&B$    
/՞+&3B$J=U2    
J=U2՞+&3B$E=U2    
/LTXLGH՞J=U2    
/LTXLGH՞+&3B$    
J=U2՞E=U2    
E=U2՞D=U2    
7DEOHDX&DUDFWpULVWLTXHVGHVLQYDULDQWVGXGLDJUDPPH2=UPRGpOLVpSDU&KHYDOLHUHWDO
>@
7RXWHIRLV OHV pWXGHV H[SpULPHQWDOHV PHQpHV SDU UpGXFWLRQ FDUERWKHUPLTXH FI
&KDSLWUHSDUWLH WHQGHQWjPRQWUHUTXHODVROXELOLWpGHO¶R[\JqQHDXVHLQGHODSKDVH
R[\FDUEXUHGH]LUFRQLXPHVW OLPLWpH3DUFRQVpTXHQW ODSUpGRPLQDQFHGXFDUDFWqUHFRYDOHQW
RXPpWDOOLTXHGH OD OLDLVRQ=U&SUpGRPLQH VXU OH FDUDFWqUH LRQLTXHGH OD OLDLVRQ=U2DX
VHLQ GH FHWWH SKDVH (Q FRQVpTXHQFH OHV PRGpOLVDWLRQV WKHUPRG\QDPLTXHV UHSRVDQW VXU
O¶XWLOLVDWLRQ G¶XQ PRGqOH LRQLTXH SRXUUDLHQW GpFULUH OD UpDOLWp SK\VLTXH G¶XQH SDUWLH GHV









/D SKDVH OLTXLGH D pWp GpFULWH SDU XQPRGqOH GH VXEVWLWXWLRQ /¶pQHUJLH GH *LEEV GH FHWWH






$XPrPH WLWUHTXH OH FDUEXUHG¶KDIQLXPVRXVVW°FKLRPpWULTXH+I&[ )&&B% OD























஑ ǡ଴  ୌ୤ǣେǡ୚ୟ









/HV FDUDFWpULVWLTXHV GHV GRPDLQHV LQYDULDQWV LVVXV GX GLDJUDPPHGH SKDVHPRGpOLVp
SDU%LWWHUPDQQHW5RJJOVRQWSUpVHQWpHVGDQVOH7DEOHDX
(TXLOLEUHV 7HPSpUDWXUHV.& &RPSRVLWLRQVGHVSKDVHVDWGH&
/LTXLGHÙ)&&B$*UDSKLWH    
/LTXLGH)&&B$Ù+&3B$    
/LTXLGHÙ%&&B$+&3B$    
%&&B$Ù+&3B$    
/LTXLGHÙ)&&B$    




/H GLDJUDPPH GH SKDVHV UpFHPPHQW RSWLPLVp SDU 6KLQ HW DO >@ )LJXUH 
SUpVHQWHGHWUqVJUDQGHVVLPLOLWXGHVDYHFOHGLDJUDPPHELQDLUH2=USUpVHQWpSUpFpGHPPHQW
(Q HIIHW WRXWHV SKDVHV FRQGHQVpHV +&3B$%&&B$ )&&B&+I2W+I2P
SUpVHQWHQWGHVVWUXFWXUHVFULVWDOOLQHVVLPLODLUHVjFHOOHVSUpVHQWpHVGDQVOHV\VWqPHFRPSRVpGH
OD ]LUFRQH /H PRGqOH HQ VRXV UpVHDX[ HVW SDU FRQVpTXHQW XWLOLVp SRXU GpFULUH OHV SKDVHV




GHYUDLWrWUH WUDLWpHHQ WRXWHULJXHXUSDU O¶LQWHUPpGLDLUHG¶XQHVROXWLRQVROLGH3DUDLOOHXUV OD
SKDVHOLTXLGHQ¶HVWSDVGpFULWHSDUO¶LQWHUPpGLDLUHG¶XQPRGqOHDVVRFLpFRPPHGDQVOHFDVGX
V\VWqPH2=U SUpVHQWp SUpFpGHPPHQWPDLV SOXW{W SDU O¶LQWHUPpGLDLUH G¶XQPRGqOH LRQLTXH
FRPSRVpGHVLRQV+I2HWGHODFXQHVVXUOHVRXVUpVHDXGHVLRQVVXSHUR[\GHV
























/HV FDUDFWpULVWLTXHV GHV LQYDULDQWV GX V\VWqPH DLQVL TXH OHV FRPSRVLWLRQV HQ
SRXUFHQWDJHVDWRPLTXHVG¶R[\JqQHVRQWSUpVHQWpVGDQVOH7DEOHDX
(TXLOLEUHV 7HPSpUDWXUHV.& &RPSRVLWLRQVGHVSKDVHVDW2
%&&B$Ù/LTXLGH+&3B$    
/LTXLGHÙ+&3B$)&&B&    
/LTXLGHÙ+I2F    








/HV WUDYDX[ FRQWHPSRUDLQV GH 6HLIHUW HW DO >@ HW -RQVVRQ >@ RQW FRQWULEXp j
O¶pWDEOLVVHPHQWGHVSUHPLqUHVEDQTXHVGHGRQQpHVQpFHVVDLUHVSRXUPRGpOLVHU OHGLDJUDPPH
GH SKDVHV ELQDLUH &7L &HV GHX[ pWXGHV VRQW DQDORJXHV HW SUpVHQWHQW GH QRPEUHXVHV
VLPLOLWXGHV QRWDPPHQW DX QLYHDX GHV GRQQpHV WKHUPRG\QDPLTXHV H[SORLWpHV FDSDFLWpV
FDORULILTXHV HQWKDOSLHV FKDOHXUV GH UpDFWLRQ« (Q UHYDQFKH OD SKDVH JD]HXVH Q¶HVW
YRORQWDLUHPHQW SDV FRQVLGpUpH SDU 6HLIHUW HW DO >@ 3OXV UpFHPPHQW FH V\VWqPH D IDLW
O¶REMHWG¶XQHQRXYHOOHRSWLPLVDWLRQSDU'XPLWUHVFXHWDO>@DXFRXUVGHO¶pWXGHGXV\VWqPH




/HV WURLVDXWUHVSKDVHVFRQGHQVpHVj VDYRLU OHVSKDVHVα7L RX+&3B$β7L RX
%&&B$HWȖ7L&[RX)&&B%VRQWWRXWHVGpFULWHVjO¶DLGHGXIRUPDOLVPH&()(QHIIHW
ODVROXELOLWpGXFDUERQHDXVHLQGHFHVGLIIpUHQWHVSKDVHVHVWFRQVLGpUpHFRPPHLQWHUVWLWLHOOH
DX VHLQ GHV GLYHUV UpVHDX[ FULVWDOOLQV/H SUHPLHU VRXVUpVHDX HVW RFFXSp SDU OHV DWRPHV GH
WLWDQHWDQGLVTXHOHVHFRQGHVWSDUWDJpHQWUHOHVDWRPHVGHFDUERQHHWOHVVLWHVODLVVpVYDFDQWV

































/LTXLGHÙ)&&B%*UDSKLWH    
/LTXLGH)&&B%Ù+&3B$    
/LTXLGHÙ%&&B$+&3B$    
%&&B$Ù+&3B$    
/LTXLGHÙ)&&B%    




$YDQW OHGLDJUDPPHELQDLUH27L IXW O¶REMHWGHQRPEUHXVHVpWXGHVQHSUHQDQW
SDVHQFRPSWHO¶H[LVWHQFHGHVSKDVHVGH0DJQpOL>±@FRPSLOpHVSDU0XUUD\HW:ULHGW





RSWLPLVDWLRQVPHQpHV SDU&DQFDUHYLF HWDO >@ G¶XQH SDUW HW+DPSO HWDO >@ G¶DXWUH
SDUWFRQGXLVHQWjODPRGpOLVDWLRQVDWLVIDLVDQWHGXGLDJUDPPH27L
/D WRWDOLWp GHV SKDVHV FRQGHQVpHV HVW GpFULWH j O¶DLGH GX IRUPDOLVPH HQ VRXV
UpVHDX[&()
(QHIIHW OHVSKDVHVĮ7L +&3B$HWȕ7L %&&B$VRQWFRQVLGpUpHV FRPPHGHV
VROXWLRQV VROLGHV SRXYDQW GLVVRXGUH XQH SHWLWH TXDQWLWp G¶R[\JqQH HW VRQW GpFULWHV j O¶DLGH
G¶XQPRGqOH HQ GHX[ VRXVUpVHDX[ GLVWLQFWV XWLOLVDQW OH IRUPDOLVPH&() 7L29DX /H
SUHPLHUVRXVUpVHDXHVWRFFXSpSDUOHVDWRPHVGHWLWDQHWDQGLVTXHOHVHFRQGHVWSDUWDJpHQWUH
OHVDWRPHVG¶R[\JqQHHW OHV ODFXQHVHWXGpVLJQH OHQRPEUHGHVLWHVRFFXSpVVXUFHGHUQLHU
/HVDWRPHVG¶R[\JqQHRFFXSHQWOHVVLWHVRFWDpGULTXHVGXUpVHDXKH[DJRQDOFRPSDFWGHWLWDQH




RFWDpGULTXHV YRLVLQV VRLHQW RFFXSpV VLPXOWDQpPHQW SDU GHV DWRPHV G¶R[\JqQH 3DU








SKDVH OLTXLGH VRLW HQ XWLOLVDQW XQPRGqOH GH VROXWLRQ GH VXEVWLWXWLRQ >@ VRLW XQPRGqOH
LRQLTXH>@7RXWHIRLV)LVFKHUHWDO >@RQWXWLOLVpXQPRGqOHDVVRFLpFRQVWLWXpGH
WURLV HVSqFHV 7L 7L2 2 &HWWH LGpH IXW HQVXLWH UHSULVH HW pWHQGXH j FLQT HVSqFHV SDU











VRXVVW°FKLRPpWULTXH 7L2[ /D SULQFLSDOH GLIIpUHQFH LQWHUYLHQW DX QLYHDX GHV HVSqFHV
FDWLRQLTXHV FRQVLGpUpHV (Q HIIHW &DQFDUHYLF HW DO >@ FRQVLGqUHQW TXH OH WLWDQH SHXW
SUpVHQWHU VRLW XQH YDOHQFH ,9 VRLW XQH YDOHQFH ,,, HW OD SKDVH HVW GpFULWH WHOOH TXH






/D GLIIpUHQFH PDMHXUH HQWUH FHV pWXGHV >@ UpVLGH GDQV OD GHVFULSWLRQ GX
PRQR[\GH GH WLWDQH VRXVVW°FKLRPpWULTXH HQ R[\JqQH 7L2[ &DQFDUHYLF HW DO >@
SUpIqUHQWOHPRGqOHXWLOLVpSDU/HHHWDO>@EDVpVXUOHIRUPDOLVPH&()&HPRGqOHSUHQG
ODIRUPH7L7L9D7L9D2,OHVWjQRWHUO¶DEVHQFHGHODFXQHVDQLRQLTXHVVXUOH
WURLVLqPH VRXV UpVHDX 6XLWH j XQH FRPPXQLFDWLRQ SULYpH DYHF % 6XQGPDQ +DPSO HW DO
>@ RQW DGRSWp OH PRGqOH +DOLWH 7L7L7L9D29D SRXU GpFULUH OD SKDVH 7L2[
&HWWH GHVFULSWLRQ DSSDUDvW HQ ERQQH DGpTXDWLRQ DYHF OD UpDOLWp SK\VLTXH GHV OLDLVRQV



























































/HV GLIIpUHQWHV FDUDFWpULVWLTXHV GHV LQYDULDQWV GX V\VWqPH VRQW FRPSLOpHV GDQV OH
7DEOHDX
(TXLOLEUHV 7HPSpUDWXUHV.& &RPSRVLWLRQVGHVSKDVHVDWGH2
/LTXLGHÙ5XWLOH    
/LTXLGHÙ7L2    
/LTXLGHÙ7L2    
/LTXLGHÙ7L27L2    
7L2Ù7L27L2    
/LTXLGHÙ7L2[7L2    
%&&B$Ù/LTXLGH+&3B$    
α7L2Ù7L2[+&3B$    
/LTXLGHÙ7L27L2    
7L2Ù7L27L2    
7L2[Ù/LTXLGH+&3B$    
7L2[Ùα7L27L2    





/D PRGpOLVDWLRQ G¶XQ GLDJUDPPH GH SKDVHV WHUQDLUH UHSRVH VXU XQH SDUIDLWH
FRQQDLVVDQFH GH FKDTXH GLDJUDPPH GH SKDVHV ELQDLUH FRQVWLWXWLI GX V\VWqPH pWXGLp
/¶DERQGDQFH GH GLDJUDPPHV ELQDLUHV H[LVWDQWV GDQV OD OLWWpUDWXUH SRXU XQ PrPH V\VWqPH
UHTXLHUWXQHDQDO\VHILQHGHVGRQQpHVHWGHVPRGqOHVXWLOLVpV(QHIIHWLOHVWSULPRUGLDOTXHOH
GLDJUDPPH ELQDLUH PRGpOLVp VRLW HQ ERQ DFFRUG DYHF OHV GRQQpHV WKHUPRG\QDPLTXHV HW
GLDJUDPPDWLTXHVREWHQXHVH[SpULPHQWDOHPHQW3DUDLOOHXUV ODPRGpOLVDWLRQG¶XQGLDJUDPPH
GH SKDVHV WHUQDLUH QpFHVVLWH XQH SDUIDLWH FRPSDWLELOLWp HQWUH OHV GLIIpUHQWV PRGqOHV
WKHUPRG\QDPLTXHV XWLOLVpV SRXU GpFULUH FKDFXQH GHV SKDVHV FRQVWLWXWLYHV GHV V\VWqPHV
ELQDLUHV DVVRFLpV HW GHV VROXWLRQV WHUQDLUHV /¶H[WUDSRODWLRQ GHV PRGqOHV ELQDLUHV GDQV XQ
V\VWqPH WHUQDLUH QH FRQGXLW SDV QpFHVVDLUHPHQW j ODPRGpOLVDWLRQ G¶XQ GLDJUDPPH WHUQDLUH








/DSURFpGXUHG¶RSWLPLVDWLRQ UHSRVHVXU O¶XWLOLVDWLRQGXPRGXOH3$5527GX ORJLFLHO
7KHUPR&DOF/HV IRQFWLRQVSDUDPqWUHVHWYDULDEOHVVRQW LQMHFWpVGDQV OHPRGXOH3$5527
YLD XQ ILFKLHU PDFUR TXH O¶RQ DSSHOOH WUDGLWLRQQHOOHPHQW ©VHWXS ILOHª &HWWH pWDSH







2=U /HV PRGqOHV HPSOR\pV SDU *XLOOHUPHW >@ SRXU &=U VRQW OHV SOXV FRPPXQpPHQW
XWLOLVpVPRGqOH&()SRXUOHVVROXWLRQVVROLGHVGHVXEVWLWXWLRQSRXUODGHVFULSWLRQGXOLTXLGH
/D GLYHUVLWp GHV PRGqOHV XWLOLVpV GDQV OD OLWWpUDWXUH SRXU PRGpOLVHU OH GLDJUDPPH
ELQDLUH2=ULPSOLTXHO¶pYLFWLRQGHFHUWDLQVWUDYDX[GRQWOHFKRL[GHPRGqOHVDFRQGXLWjGHV
LQFRPSDWLELOLWpVGHVW°FKLRPpWULHGHVRXVUpVHDX>@
%LHQ VRXYHQW O¶XWLOLVDWLRQ GH PRGqOHV WUqV VSpFLILTXHV j XQ V\VWqPH QH SHUPHW SDV
O¶H[WUDSRODWLRQ j XQ V\VWqPH G¶RUGUH VXSpULHXU j PRLQV GH UHSUHQGUH O¶LQWpJUDOLWp GH
O¶RSWLPLVDWLRQ WRXWHQDGDSWDQW OHPRGqOHSRXU OH UHQGUHFRPSDWLEOH'HSOXV O¶LQWURGXFWLRQ
G¶XQ FRQVWLWXDQW VXSSOpPHQWDLUH XWLOH j ODPRGpOLVDWLRQ G¶XQH VROXWLRQ WHUQDLUH HQJHQGUH GH
QRXYHDX[ HQGPHPEHUV GDQV OH PRGqOH 3DU DLOOHXUV OD SOXSDUW GX WHPSV DXFXQH GRQQpH









GLVWDQFH WUDGLWLRQQHOOHPHQW GpQRPPp 652 SRXU 6KRUW 5DQJH 2UGHULQJ FRQGXLVDQW j GHV
DOOXUHVHQIRUPHGH©9ª9VKDSHWUqVSDUWLFXOLqUHVGHO¶HQWKDOSLHOLEUHGHPpODQJH)LJXUH
 &HWWH IRUPH PHW FODLUHPHQW HQ pYLGHQFH OD PLVH HQ RUGUH DXWRXU G¶XQH FRPSRVLWLRQ
SDUWLFXOLqUH $XVVL SRXU UHQGUH FRPSWH GH FHWWH PLVH HQ RUGUH GDQV OH OLTXLGH VDQV DYRLU




























GH OD VROXWLRQ VROLGH =U&[2\ FI &KDSLWUH  SDUWLH , RQW pWp LQMHFWpHV GDQV OH PRGXOH
3$55273RXUUDSSHOFHWWHpWXGHDPRQWUpTXHODVROXELOLWpGHO¶R[\JqQHDXVHLQGXUpVHDX
GH O¶R[\FDUEXUH DXJPHQWH DYHF O¶pYROXWLRQ HQ WHPSpUDWXUH /HV GRQQpHV H[SpULPHQWDOHV





FRPPH LGpDO SRXU OHV SKDVHV+&3B$ HW %&&B$ OH SDUDPqWUH G¶LQWHUDFWLRQ /=5&2 HVW
YRORQWDLUHPHQWIL[pFRPPHpWDQWpJDOj]pUR/¶pWXGHPHQpHSDU'DYLGHWDO>@YLVDQWj
FRPSUHQGUH OHV PpFDQLVPHV UpDFWLRQQHOV GH OD UpGXFWLRQ FDUERWKHUPLTXH GH OD ]LUFRQH D
PRQWUpTXHFHWWHUpDFWLRQpWDLWSXUHPHQWUHFRQVWUXFWLYH(QHIIHWOHFDUERQHQ¶HVWSDVLQVpUp
VXUOHUpVHDXFULVWDOOLQGHOD]LUFRQHHWSDUFRQVpTXHQWODVROXELOLWpGXFDUERQHDXVHLQGHFHWWH
SKDVH HVW FRQVLGpUpH FRPPH QXOOH 3DU FRQVpTXHQW OD SKDVH )&&B& pWDQW VSpFLILTXH DX
V\VWqPH2=UHWDXFXQHGRQQpHQHYHQDQWDSSX\HUXQHTXHOFRQTXHVROXELOLWpGXFDUERQHGDQV
FHWWHVWUXFWXUHOHFDUERQHQ¶HVWGRQFSDVSULVHQFRPSWHGDQVODGHVFULSWLRQGHFHWWHSKDVH(Q
FRQFOXVLRQ OD SKDVH )&&B% HVW OD VHXOH SKDVH FRQWHQDQW GHV SDUDPqWUHV G¶LQWHUDFWLRQ j
RSWLPLVHU SRXU PRGpOLVHU OH GLDJUDPPH GH SKDVH WHUQDLUH &2=U 3DU DLOOHXUV OD SKDVH
JD]HXVHHVWFRQVLGpUpHFRPPHH[HPSWHG¶LQWHUDFWLRQHQWUHVHVFRQVWLWXDQWV
/HV YDOHXUV GHV SDUDPqWUHV G¶LQWHUDFWLRQ SRXU OD SKDVH )&&B% VRQW GRQQpHV FL
GHVVRXV DLQVL TXH OH SRO\Q{PH SHUPHWWDQW GH GpFULUH OH FRPSRVp ILFWLI =U2 GDQV OD SKDVH
)&&B%/HVYDOHXUVXWLOLVpHVGDQV FHSRO\Q{PHRQW pWp VpOHFWLRQQpHVGH WHOOH VRUWHTXH OH
FRPSRVp Q¶DSSDUDLVVH SDV GDQV OH GLDJUDPPHELQDLUH2=U HW TXH VD FRXUEH G¶HQWKDOSLH GH
*LEEVUHVWHELHQDXGHVVXVGHVDXWUHVSKDVHV
ܩ௓௥ǣை
ி஼஼̴஻ଵ ൌ െ͵ǡͷǤ ͳͲହ ൅ ͵Ͳ ൈ ܶ ൅ ܩ௓௥ுௌாோ ൅ Ͳǡͷ ൈ ܩைுௌாோ
ܮ௓௥ǣ஼ǡை



























WUDLWHPHQWV WKHUPLTXHV GH FDUERUpGXFWLRQ $ & FHV GRQQpHV GLYHUJHQW GH FHOOHV
REWHQXHVSDU*HQGUHHWDO>@)LJXUH(QHIIHWFHVDXWHXUVQHFRQVLGqUHQWSDVOHVRXV
UpVHDX RFFXSp SDU OHV DWRPHV G¶R[\JqQH HW GH FDUERQH FRPPH pWDQW VDWXUp (Q SUHQDQW HQ
FRPSWHO¶H[LVWHQFHGHODFXQHVVXUFHVHFRQGVRXVUpVHDXOHVGRQQpHVH[SpULPHQWDOHVREWHQXHV
SDU FHV DXWHXUV GLYHUJHQW GH FHOOHV REWHQXHV GXUDQW FHWWH pWXGH /¶HUUHXU OLpH j OD










































PHPEHU ILFWLI +I2 GDQV OD SKDVH )&&B% 'H SOXV XQ VHXO SDUDPqWUH G¶LQWHUDFWLRQ D pWp





ி஼஼̴஻ଵ ൌ െʹǡʹǤ ͳͲହ ൅ ܩு௙ுௌாோ െ ʹǡʹ ൈ ܶ ൅ ܩைுௌாோ
ܮு௙ǣ஼ǡை
ி஼஼̴஻ଵ ൌ െʹǡͷ͹͸͸ͷͺͻͲǤ ͳͲହ ൅ Ͷǡͻͺͳ͵ͳ͸Ͳ͵ ൈ ଴ 
/HVVHFWLRQVLVRWKHUPHVSURGXLWHVVXUODEDVHGHVGRQQpHVH[SpULPHQWDOHVGHFHWUDYDLO
VRQWSUpVHQWpHVUHVSHFWLYHPHQWHQ)LJXUHj&HWHQ)LJXUHj&
/H GRVDJH GHV pOpPHQWV OpJHUV FDUERQH HW R[\JqQH GDQV XQH PDWULFH ORXUGH
KDIQLXP SDU DQDO\VH FKLPLTXH pOpPHQWDLUH Q¶D SDV SHUPLV GH PHWWUH HQ pYLGHQFH XQH
pYROXWLRQ VLJQLILFDWLYH GH OD VROXELOLWp GH O¶R[\JqQH HQWUH & HW & 'H SOXV OD
GpWHUPLQDWLRQGXWDX[GHODFXQHVSDUFHWWHPpWKRGHHVWLPSRVVLEOHOHVHUUHXUVHIIHFWXpHVVXU
OD GpWHUPLQDWLRQ GHV VW°FKLRPpWULHV pWDQW pOHYpHV 7RXWHIRLV OD PRGpOLVDWLRQ



















pWDQW RFFXSp SDU OHV DWRPHV GH WLWDQH HW OHV ODFXQHV FDWLRQLTXHV OH VHFRQG SDU OHV DWRPHV
G¶R[\JqQH GH FDUERQH HW OHV ODFXQHV DQLRQLTXHV 6L OD PRGpOLVDWLRQ DSSDUDLW HQ ERQQH
DGpTXDWLRQ DYHF OHV GRQQpHV H[SpULPHQWDOHV >±@ OH FKRL[ GXPRGqOH XWLOLVp SRXU











6XQGPDQ1DWKDOLH'XSLQ HW2OLYLHU'H]HOOXV GRQQDQW OLHX jXQSUHPLHU MHXGHSDUDPqWUHV
QRQ RSWLPLVpV PDLV TXL SHUPHWWDLHQW GH UHQGUH UHODWLYHPHQW ELHQ FRPSWH GHV GRQQpHV
H[SpULPHQWDOHV &H WUDYDLO Q¶D\DQW SDV pWp SXEOLp QRXV QH SUpVHQWHURQV LFL TXH TXHOTXHV
FDOFXOVGHVHFWLRQVjGHVILQVGHFRPSDUDLVRQDYHFO¶pWDEOLVVHPHQWGHODEDVHGHGRQQpHVLVVXH
GHFHWUDYDLO
/HVGLDJUDPPHVGHSKDVHVELQDLUHV VpOHFWLRQQpHVSRXUPRGpOLVHU OH V\VWqPH&27L
VRQW FHX[ RSWLPLVpV UHVSHFWLYHPHQW SDU +DPSO HW DO >@ SRXU OH V\VWqPH 27L HW SDU
'XPLWUHVFXHWDO>@SRXUOHV\VWqPH&7L
(QHIIHWODGHVFULSWLRQGHODSKDVH+&3B$SURSRVpHSDU&DQFDUHYLFHWDO>@SHXW
LQGXLUH XQH LQFRPSDWLELOLWp GH VW°FKLRPpWULHV GH VRXVUpVHDX DYHF OD GHVFULSWLRQ GH
'XPLWUHVFXHWDO >@'HSOXV ODSKDVH7L2[HVWGpFULWHj O¶DLGHGXPRGqOH+DOLWHFHTXL
FRQVWLWXH XQ DUJXPHQW VXSSOpPHQWDLUH GDQV O¶XWLOLVDWLRQ GH OD EDVH GH GRQQpHV pWDEOLH SDU
+DPSOHWDO>@(QHIIHWFHPRGqOHSHUPHWGHPLHX[UHQGUHFRPSWHGHO¶pYROXWLRQGXW\SH
GHOLDLVRQFKLPLTXHDXVHLQGHODVROXWLRQVROLGH
/H7DEOHDX  UHJURXSH O¶HQVHPEOH GHVPRGqOHV XWLOLVpV SRXU GpFULUH OHV GLIIpUHQWHV
SKDVHV GDQV OH V\VWqPH G¶RUGUH WHUQDLUH &27L DLQVL TXH OHV GLIIpUHQWV SDUDPqWUHV
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,O HVW j QRWHU TXH QRXV DYRQV pJDOHPHQW SULV OH SDUWL G¶DMRXWHU XQ SDUDPqWUH












,O HVWjQRWHUTXHGDQV OH WUDYDLOSUpOLPLQDLUHPHQpSDU%6XQGPDQ1'XSLQHW2
'H]HOOXV OHV SKDVHV GH0DJQpOL QH VRQW SDV SULVHV HQ FRQVLGpUDWLRQ 3DU DLOOHXUV OD SKDVH
JD]HXVH Q¶D\DQW SDV pWp SULVH HQ FRPSWH SDU FHV DXWHXUV FHOOHFL D pWp DMRXWpH GDQV OD
GHVFULSWLRQGXV\VWqPH1RXVDYRQVpJDOHPHQWOpJqUHPHQWPRGLILpODGHVFULSWLRQGHODSKDVH













TXH OHV PRGqOHV WKHUPRG\QDPLTXHV XWLOLVpV FRXUDPPHQW GDQV OD OLWWpUDWXUH &RPPH QRXV
O¶DYRQVpYRTXpSUpFpGHPPHQWO¶RSWLPLVDWLRQG¶XQGLDJUDPPHGHSKDVHVWHUQDLUHUHTXLHUWXQH
RSWLPLVDWLRQGHV V\VWqPHVELQDLUHVTXL OH FRQVWLWXHQW/¶RSWLPLVDWLRQGH FHVGLDJUDPPHVGH
SKDVHVELQDLUHV0H2HW&0HQ¶pWDQWSDVO¶REMHFWLISULQFLSDOGHFHWUDYDLOXQHUHYXHGHO¶pWDW
GH O¶DUW VXU FHV V\VWqPHV D pWp HIIHFWXpH HQ YXH GH VpOHFWLRQQHU OHV GRQQpHV SHUWLQHQWHV HW
FRPSDWLEOHVQpFHVVDLUHVSRXUODPRGpOLVDWLRQGHVV\VWqPHVWHUQDLUHV
3DU DLOOHXUV OD PRGpOLVDWLRQ GHV V\VWqPHV WHUQDLUHV &0H2 QpFHVVLWH OD SULVH HQ
FRPSWHGHODVROXELOLWpGHO¶R[\JqQHDXVHLQGXUpVHDXFULVWDOOLQGHODSKDVHR[\FDUEXUH'DQV
OD OLWWpUDWXUH SHX GH GRQQpHV SXUHPHQW WKHUPRG\QDPLTXHV H[LVWHQW VXU FHV V\VWqPHV SRXU
GpFULUH OHV SURSULpWpV GH FHWWH VROXWLRQ VROLGH 3DU FRQVpTXHQW O¶XWLOLVDWLRQ GH GRQQpHV









SDU *XLOOHUPHW HW DO >@ HW &KHYDOLHU HW DO >@ RQW pWp UHWHQXHV SRXU PRGpOLVHU OH
GLDJUDPPHGHSKDVHVWHUQDLUH&2=U/DVROXELOLWpGHO¶R[\JqQHpWDQW OLPLWpHDXVHLQGHOD
VROXWLRQ VROLGH GH O¶R[\FDUEXUH GH ]LUFRQLXP OH FDUDFWqUH GHV OLDLVRQV FKLPLTXHV HVW SOXW{W
FRYDOHQW3DUFRQVpTXHQWQRXVDYRQVSULV OHSDUWLGHQHSDVSUHQGUH HQFRPSWHGHPRGqOHV
LRQLTXHV SRXU GpFULUH OD SKDVH OLTXLGH RX HQFRUH OHV GLIIpUHQWHV VROXWLRQV VROLGHV $ILQ GH
UHQGUH FRPSWH GH OD WHQGDQFH GHV R[\GHV j OD PLVH HQ RUGUH DXWRXU G¶XQH FRPSRVLWLRQ










SUHVVHQWLV LQLWLDOHPHQW ORUV GH O¶pWXGH GHV PpFDQLVPHV UpDFWLRQQHOV GH OD UpGXFWLRQ
FDUERWKHUPLTXH GH O¶KDIQLH 3DU DLOOHXUV OD SUpVHQFH GH ODFXQHV VXU OH VRXVUpVHDX GH




VRQW H[WUDLWHV UHVSHFWLYHPHQW GHV WUDYDX[ GH +DPSO HW DO >@ GLDJUDPPH 27L HW GH
'XPLWUHVFXHWDO>@GLDJUDPPH&7L/¶XWLOLVDWLRQGXPRGqOH+DOLWHXWLOLVpSDU+DPSOHW
DO SRXU GpFULUH OD SKDVH 7L2[ D pWp UpXWLOLVp SRXU GpFULUH OD VROXWLRQ VROLGH 7L&[2\ /HV
SDUDPqWUHV VSpFLILTXHV j OD VROXWLRQ VROLGH 7L&[2\ RQW pWp IL[pV GDQV XQ SUHPLHU WHPSV
PDQXHOOHPHQWDILQGHFRUUHVSRQGUHDXPLHX[DX[GRQQpHVH[SpULPHQWDOHVSRXUFKDFXQHGHV






VROXELOLWp GX FDUERQH GDQV FHOOHFL 1RXV SRXYRQV pJDOHPHQW UHPDUTXHU XQH FRXUEXUH
SDUWLFXOqUHGXF{Wp7L2[TXHQRXVQ¶DYRQVSDVSXSRXUOHPRPHQWUHGUHVVHUVXUODEDVHGHV
SDUDPqWUHVG¶LQWHUDFWLRQPLVHQSODFHGDQVOHPRGqOH&HSKpQRPqQHSHXWrWUHH[SOLTXpSDUOH
IDLW TXH O¶RSWLPLVDWLRQ GH+DPSO HWDO D pWp HIIHFWXp HQ SUHQDQW GHV YDOHXUV GH SDUDPqWUHV
G¶LQWHUDFWLRQ FRPSDWLEOHV DYHF XQH H[WUDSRODWLRQ GDQV XQ V\VWqPH WHUQDLUH FRPSRUWDQW GX
FXLYUH&HVMHX[GHSDUDPqWUHVQpFHVVLWHUDLHQWGRQFXQHQRXYHOOHRSWLPLVDWLRQHQYXHG¶XQH
PRGpOLVDWLRQ FRQYHQDEOH GH OD VROXWLRQ VROLGH R[\FDUEXUpH ULFKH HQ R[\JqQH &H V\VWqPH









































/¶REMHFWLI GH FH WUDYDLO GH WKqVH D pWp GXDO '¶XQH SDUW LO V¶DJLVVDLW G¶LGHQWLILHU
FODLUHPHQW OHV PpFDQLVPHV GH FDUERUpGXFWLRQ GHV R[\GHV GHV PpWDX[ GH WUDQVLWLRQ GH OD
IDPLOOH ,9E WRXW HQ PHWWDQW HQ SODFH XQH GpPDUFKH H[SpULPHQWDOH SUpFLVH HW UREXVWH SRXU
O¶LGHQWLILFDWLRQGHVFRPSRVLWLRQVFKLPLTXHVGHVSKDVHVR[\FDUEXUpHVIRUPpHVDXFRXUVGHFHV
UpDFWLRQV'¶DXWUHSDUW FHVGRQQpHVVXU OHV OLPLWHVGHFRPSRVLWLRQVGHFHVVROXWLRQVVROLGHV
RQW pWpSHUWLQHQWHVSRXU HQWUHSUHQGUH ODPRGpOLVDWLRQ WKHUPRG\QDPLTXHGHVGLDJUDPPHVGH
SKDVHVWHUQDLUHV0H&2FRUUHVSRQGDQWV
/HVPpFDQLVPHVGHODUpGXFWLRQFDUERWKHUPLTXHGHVR[\GHVGXJURXSH,9E
/¶pWXGHGHVPpFDQLVPHV UpDFWLRQQHOVGH OD UpGXFWLRQFDUERWKHUPLTXHGH O¶KDIQLHSDU
0(7HW'5;DPRQWUpGHJUDQGHVDQDORJLHVDYHFFHX[PLVHQpYLGHQFHORUVGHO¶pWXGHGHOD
FDUERUpGXFWLRQ GH OD ]LUFRQH 7RXW G¶DERUG OH FDUERQH XWLOLVp VRXV IRUPH WXUERVWUDWLTXH VH
GpVWDELOLVH SDU XQH FRQVRPPDWLRQ SURJUHVVLYH GH VHV IHXLOOHWV FDUERQpV VHORQ O¶pTXLOLEUH GH
%RXGRXDUG /¶KDIQLH HW OD ]LUFRQH pWDQW GHX[ FRPSRVpV LVRVWUXFWXUDX[ OHV PpFDQLVPHV
UpJLVVDQW OHXU GpVWDELOLVDWLRQ VRQW LGHQWLTXHV /¶DSSDULWLRQ GHPDUFKHV FULVWDOOLQHV VHORQ OHV
SODQV FULVWDOORJUDSKLTXHV OHVSOXVGHQVHVGH OD VWUXFWXUHPRQRFOLQLTXH IDFLOLWH OHSDVVDJHHQ
SKDVH JD]HXVH GHV PRQR[\GHV GH ]LUFRQLXP HW G¶KDIQLXP 3XLV OD FRFRQGHQVDWLRQ GHV
HVSqFHV JD]HXVHV GDQV OHV UpJLRQV ULFKHV HQ FDUERQH FRQGXLW j OD QXFOpDWLRQ G¶XQH SKDVH
R[\FDUEXUH SULPDLUH &HV QXFOpL SUpVHQWHQW XQ F°XU FULVWDOOLVpPDLV pJDOHPHQW XQH JDQJXH
DPRUSKH ULFKH HQ R[\JqQH HQ SpULSKpULH &H SKpQRPqQH SRXUUDLW rWUH H[SOLTXp SDU XQH
YDULDWLRQ ORFDOHGH ODSUHVVLRQSDUWLHOOHG¶R[\JqQH/DGLIIpUHQFHPDMHXUHPLVH HQ pYLGHQFH
GXUDQW FHV GHX[ pWXGHV HVW O¶pYROXWLRQ GH OD FRPSRVLWLRQ GH OD SKDVH R[\FDUEXUH HQ ILQ GH
UpDFWLRQ6L O¶pWXGHPHQpHVXU OHV\VWqPH=U2&DFODLUHPHQWPRQWUpXQHQULFKLVVHPHQWHQ
FDUERQHGHFHWWHSKDVHFRQGXLVDQWjODIRUPDWLRQG¶XQR[\FDUEXUHVHFRQGDLUHOHVPHVXUHVGHV
SDUDPqWUHVGHPDLOOHGH O¶R[\FDUEXUHG¶KDIQLXPGLIIqUHSHX WRXW DX ORQJGH OD UpDFWLRQ&H
SKpQRPqQH LPSOLTXH GRQF TXH OD FRPSRVLWLRQ GH O¶R[\FDUEXUH G¶KDIQLXP TXL QXFOpH HVW
SURFKH GH VD FRPSRVLWLRQ ILQDOH (Q FRQVpTXHQFH OHPpFDQLVPH SURSRVp SRXU OD UpGXFWLRQ
FDUERWKHUPLTXHQ¶HVWFRQVWLWXpTXHG¶XQHVHXOHpWDSHVXUFHV\VWqPH
/¶pWXGHGH OD UpGXFWLRQ FDUERWKHUPLTXHGH O¶DQDWDVH DGpPRQWUpTXH O¶KpWpURYDOHQFH







UHFRQGHQVHQW GDQV OHV UpJLRQV ULFKHV HQ FDUERQH SRXU IRUPHU XQ R[\FDUEXUH SULPDLUH GH
FRPSRVLWLRQ7L&2/¶HQULFKLVVHPHQWHQFDUERQHGHODSKDVHR[\FDUEXUHHVWDVVLVWpSDU
OHPRXYHPHQWGHVGLVORFDWLRQVSHUPHWWDQWXQHKRPRJpQpLVDWLRQFKLPLTXHGHVFULVWDOOLWHV
(Q V\VWqPH QRQ FRQILQp FHV GLIIpUHQWHV pWXGHV RQW PRQWUp TXH OD UpDFWLRQ GH
FDUERUpGXFWLRQHVWUpJLHSDUODSUHVVLRQSDUWLHOOHGHPRQR[\GHGHFDUERQH
/¶pWXGHSUpOLPLQDLUHPHQpHjSDUWLUGHPRQROLWKHVGHFDUEXUHGH WLWDQHVRXPLVjGHV
WUDLWHPHQWVGH UHFXLWHQSUpVHQFHG¶XQHSRXGUHGHGLR[\GHGH WLWDQH ODLVVHVXSSRVHUTXH OHV
PpFDQLVPHVGHFDUERUpGXFWLRQVRQWGLIIpUHQWVGHFHX[REVHUYpVHQDWPRVSKqUHQRQFRQILQpH
(QHIIHW FH WUDYDLO DPLV HQ pYLGHQFH OD VpTXHQFH UpDFWLRQQHOOHGH UpGXFWLRQGHVSKDVHVGH
0DJQpOLGXGLR[\GHGH WLWDQH LQLWLDO MXVTX¶DXVRXVR[\GH7L2FDXVpHSDU ODSUpVHQFHG¶XQ




SDU ODSUpVHQFHYUDLVHPEODEOHG¶XQYHFWHXUJD]HX[G¶R[\JqQH VHSURSDJHDQWYLD ODSRURVLWp
LQWHUFULVWDOOLQHGHO¶DVVHPEODJHUpDFWLRQQHO
7RXWHIRLVODGLIIXVLRQGHO¶R[\JqQHDXVHLQGXFDUEXUHGHWLWDQHQ¶DSXrWUHTXDQWLILpH





SKDVH R[\FDUEXUH j O¶pTXLOLEUH 3DU DLOOHXUV HQ DQDO\VDQW SDU PLFURVRQGH QXFOpDLUH GHV
pFKDQWLOORQV D\DQW VXEL GHV WUDLWHPHQWV GH UHFXLWV j GLIIpUHQWHV WHPSpUDWXUHV HW GLIIpUHQWV







/HVGRPDLQHVGH VWDELOLWpGHV VROXWLRQV VROLGHVR[\FDUEXUpHVGH FKDTXH V\VWqPHRQW
pWppWXGLpVjSOXVLHXUVWHPSpUDWXUHVSDUUpGXFWLRQFDUERWKHUPLTXH(QFRXSODQWOHVGLIIpUHQWHV
PpWKRGHV GH FDUDFWpULVDWLRQ XQH PpWKRGRORJLH D pWp PLVH HQ SODFH DILQ GH GpWHUPLQHU OHV
FRPSRVLWLRQV GHV SKDVHV R[\FDUEXUHV V\QWKpWLVpHV (Q DOORQJHDQW OHV WHPSV GH WUDLWHPHQW





(Q UHFDOFXODQW OD VW°FKLRPpWULH GHV SKDVHV R[\FDUEXUHV DX VHLQ GH FHV GHX[ W\SHV
G¶pFKDQWLOORQ QRXV DYRQV SX DLQVL GpILQLU OHV ERUQHV KDXWHV HW EDVVHV GHV VROXWLRQV VROLGHV
R[\FDUEXUpHV=U&[2\HW+I&[2\
,O D pWp GpPRQWUp TXH OD VROXWLRQ VROLGH GH O¶R[\FDUEXUH G¶KDIQLXP HVW UHVWUHLQWH j
& HW &3DU DLOOHXUV OD VROXELOLWp GH O¶R[\JqQH HVW GHX[ IRLVSOXV LPSRUWDQWH DX
VHLQ GH O¶R[\FDUEXUH GH ]LUFRQLXP DX[ PrPHV WHPSpUDWXUHV HW O¶pOpYDWLRQ GH WHPSpUDWXUH
IDYRULVHO¶LQFRUSRUDWLRQGHFHOXLFLDXVHLQGXUpVHDXFULVWDOOLQGH=U&[2\(QILQLODpWpPLVHQ
pYLGHQFH TX¶j & HW & OD VROXWLRQ VROLGH GH O¶R[\FDUEXUH GH WLWDQH HVW FRPSOqWH
HQWUHOHVFRPSRVpV7L&2HW7L2
/DPRGpOLVDWLRQWKHUPRG\QDPLTXHGHVGLDJUDPPHVGHSKDVHVWHUQDLUHV
(Q VH EDVDQW VXU OHV UpVXOWDWV H[SpULPHQWDX[ REWHQXV SDU UpGXFWLRQ FDUERWKHUPLTXH
XQHSUHPLqUHPRGpOLVDWLRQGHVWURLVGLDJUDPPHVGHSKDVHVWHUQDLUHV&0H2DSXrWUHDLQVL
HIIHFWXpH &HV SUHPLHUV HVVDLV SHUPHWWHQW GH WUDFHU OHV VHFWLRQV LVRWKHUPHV GH FKDTXH
GLDJUDPPHDX[GLIIpUHQWHVWHPSpUDWXUHVGHWUDYDLOVpOHFWLRQQpHV
'DQV FH WUDYDLO OHV GLIIpUHQWHV PpWKRGHV GH FDUDFWpULVDWLRQ Q¶D\DQW SDV SHUPLV GH
GpWHUPLQHU FH WDX[ GH ODFXQHV OD VDWXUDWLRQ GX VRXVUpVHDX SDU OHV DWRPHV GH FDUERQH HW






UHTXLHUW XQH pWDSH SUpOLPLQDLUH GLIILFLOHPHQW UpDOLVDEOH OD V\QWKqVH GH PRQRFULVWDX[
G¶R[\FDUEXUHGHGLIIpUHQWHVVW°FKLRPpWULHV
3DUDLOOHXUVO¶pWXGHGHVOLPLWHVGHVGRPDLQHVGHVWDELOLWpGHVVROXWLRQVVROLGHVGXF{Wp
ULFKH HQ PpWDO Q¶D SDV pWp HQWUHSULVH GXUDQW FH WUDYDLO $ILQ G¶REWHQLU GHV GRQQpHV





































































































































































































































































































































































































































SRWHQWLHO HQ GLUHFWLRQ G¶XQH DQWLFDWKRGH GH FXLYUH FHV pOHFWURQV RQW DORUV XQH pQHUJLH
VXIILVDQWHSRXU DUUDFKHU OHV pOHFWURQVGHV FRXFKHV LQWHUQHVGHV DWRPHVGH O¶DQWLFDWKRGH/H
UHWRXUjO¶pWDWIRQGDPHQWDOGHVDWRPHVV¶HIIHFWXHHQVXLWHSDUGHVFDVFDGHVGHGpVH[FLWDWLRQOHV
pOHFWURQV GHV FRXFKHV H[WHUQHV YHQDQW RFFXSHU OHV QLYHDX[ LQWHUQHV YDFDQWV GHV DWRPHV





/¶LQWHUDFWLRQ UD\RQQHPHQWPDWLqUH PLVH HQ MHX ORUV GH OD GLIIUDFWLRQ GHV UD\RQV ;
UHSRVHVXUOHVLQWHUDFWLRQVpODVWLTXHVOLpHVjODGLIIXVLRQFRKpUHQWHGLIIXVLRQGH7KRPVRQGX
UD\RQQHPHQW pOHFWURPDJQpWLTXH /H UD\RQQHPHQW ; LQWHUDJLW SULQFLSDOHPHQW DYHF OH QXDJH
pOHFWURQLTXH GHV DWRPHV /HV VROLGHV FULVWDOOLQV VRQW FRQVWLWXpV G¶XQH UpSpWLWLRQ
WULGLPHQVLRQQHOOHG¶XQPRWLIpOpPHQWDLUHFRPSRVpG¶DWRPHVGpILQLVVDQWXQHPDLOOHFULVWDOOLQH
/D GLIIXVLRQ FRKpUHQWH GHV UD\RQV ; VXU XQ UpVHDX FULVWDOOLQ LQGXLW XQ SKpQRPqQH
G¶LQWHUIpUHQFHVFRQVWUXFWLYHVTXLHVWj O¶RULJLQHGXSKpQRPqQHGHGLIIUDFWLRQ/¶LQWHUIpUHQFH
FRQVWUXFWLYHTXLGRQQH OLHXjXQPD[LPDG¶LQWHQVLWpGLIIUDFWpHQHVH IDLWTXHSRXUFHUWDLQHV










/RUVTX¶XQpOHFWURQSpQqWUHGDQV ODPDWLqUH LO LQWHUDJLWQRQVHXOHPHQWDYHF OHQR\DX
PDLV pJDOHPHQW DYHF OH FRUWqJH pOHFWURQLTXH GHV DWRPHV ,O HQ UpVXOWH GHX[ W\SHV
G¶LQWHUDFWLRQV
/HV LQWHUDFWLRQVpODVWLTXHV'DQVFH FDV OHV pOHFWURQV LQWHUDJLVVHQWDYHF OHSRWHQWLHO
pOHFWURVWDWLTXHJpQpUpSDUOHQR\DXGHO¶DWRPHGpYLDQWOHXU WUDMHFWRLUHLQFLGHQWH/HWUDQVIHUW


















/H VFKpPDGHPRQWDJH G¶XQPLFURVFRSH pOHFWURQLTXH HQ WUDQVPLVVLRQ HVW UHSUpVHQWp
FLGHVVRXV/HVpOHFWURQVVRQWWRXWG¶DERUGH[WUDLWVG¶XQILODPHQWSDUFKDXIIDJHRXSDUHIIHW
GH FKDPS SXLV DFFpOpUpV SDU XQH IRUWH GLIIpUHQFH GH SRWHQWLHO WHQVLRQ G¶DFFpOpUDWLRQ DX
QLYHDXGXFDQRQ/HIDLVFHDX WUDYHUVHHQVXLWHXQHVpULHGH OHQWLOOHVpOHFWURPDJQpWLTXHVGLWHV
FRQGHQVHXUV UHVSRQVDEOHV GH O¶LOOXPLQDWLRQ GH O¶pFKDQWLOORQ 8QH IRLV FHOXLFL WUDYHUVp OH
IDLVFHDXG¶pOHFWURQVHVWUHSULVSDUODOHQWLOOHREMHFWLYHDILQGHFUpHUXQHLPDJHLQWHUPpGLDLUH










DLUH VpOHFWLRQQpH'DQV FHFDV O¶LQVHUWLRQG¶XQGLDSKUDJPHGHVpOHFWLRQG¶DLUH VLWXpGDQV OH
SODQLPDJHGHODOHQWLOOHREMHFWLISHUPHWGHVpOHFWLRQQHUOD]RQH©GLIIUDFWDQWHª/HFOLFKpGH
GLIIUDFWLRQ FRUUHVSRQGDQW FRPSRUWH DORUV GHV WDFKHV GH GLIIUDFWLRQ GRQW O¶LQWHQVLWp HVW
PR\HQQpHFDUOD]RQHGHGLIIUDFWLRQTXLV¶pWDOHVXUSOXVLHXUVFHQWDLQHVGHQDQRPqWUHV!
QPSUpVHQWHGHVYDULDWLRQVG¶RULHQWDWLRQHWG¶pSDLVVHXU
/HV FRQGLWLRQV GH GLIIUDFWLRQV GHV pOHFWURQV SHXYHQW rWUH GpILQLHV j SDUWLU GH OD
FRQVWUXFWLRQGHODVSKqUHG¶(ZDOGGDQVO¶HVSDFHUpFLSURTXH/DORQJXHXUG¶RQGHGHVpOHFWURQV
pWDQWWUqVIDLEOHȜ QPSRXUXQHWHQVLRQG¶DFFpOpUDWLRQGHN9OHUD\RQGHFHWWH
VSKqUH GpILQL FRPPH LQYHUVHPHQW SURSRUWLRQQHO j FHWWH PrPH ORQJXHXU G¶RQGH HVW SDU
FRQVpTXHQW WUqV JUDQG 'H SOXV O¶LQWHUDFWLRQ pOHFWURQPDWLqUH pWDQW XQH LQWHUDFWLRQ GH W\SH
FRXORPELHQQH O¶pSDLVVHXU GH O¶pFKDQWLOORQ QH GRLW SDV H[FpGHU TXHOTXHV FHQWDLQHV GH





GH EkWRQQHWV DOORQJpV VHORQ O¶D[H RSWLTXH GX PLFURVFRSH $LQVL GH QRPEUHX[ Q°XGV GHV
VWUDWHVLQIpULHXUHVLQWHUFHSWHQWODVSKqUHG¶(ZDOGHWFRQWULEXHQWjODIRUPDWLRQGXGLDJUDPPH
GHGLIIUDFWLRQpOHFWURQLTXH VHSUpVHQWDQW VRXV OD IRUPHGH WkFKHV ILQHV ORUVGH O¶REVHUYDWLRQ
G¶XQPRQRFULVWDO(Q UHYDQFKH OH GLDJUDPPHGH GLIIUDFWLRQ GHV pOHFWURQV VHUD FRQVWLWXp GH
FHUFOHV FRQFHQWULTXHV FOLFKpV GH W\SH'HE\H6FKHUUHU ORUV GH O¶REVHUYDWLRQ G¶pFKDQWLOORQV
SRO\FULVWDOOLQV8QPrPHFHUFOH HVW DORUV FRQVWLWXpG¶XQHPXOWLWXGHGH WDFKHVGHGLIIUDFWLRQ
FDUDFWpULVWLTXHVG¶XQSODQFULVWDOOLQSDUWLFXOLHUVHWURXYDQWHQFRQGLWLRQGHGLIIUDFWLRQ'DQVOH




































.   3+I233+I3&2 (Q SRVDQW 3+I2   3+I RQ REWLHQW OH SRVLWLRQQHPHQW GH OD GURLWH





. 3+I23ð3+I3&2ðDYHF. (QSRVDQW3+I2 3+IRQREWLHQWODOLPLWHVpSDUDQW






























. 33+IDYHF. G¶R/RJ3+I 6L3+I!3DO¶pTXLOLEUHWHQGUD



























VWDQGDUGG¶DOXPLQHHVW GpVLJQpSDU OHV FDUUpVQRLUV(QILQ OH VRXVR[\GHGH0DJQpOL7L2



















ELEMENT /-   ELECTRON_GAS               0.0000E+00  0.0000E+00  0.0000E+00! 
 ELEMENT VA   VACUUM                    0.0000E+00  0.0000E+00  0.0000E+00! 
 ELEMENT C    GRAPHITE                  1.2011E+01  1.0540E+03  5.7400E+00! 
 ELEMENT O    1/2_MOLE_O2(G)            1.5999E+01  4.3410E+03  1.0252E+02! 
 ELEMENT ZR   HCP_A3                    9.1224E+01  5.5663E+03  3.9181E+01! 
  
 SPECIES O1ZR1                       O1ZR1! 
 SPECIES O2                          O2! 
 SPECIES O2ZR1                       O2ZR1! 
 SPECIES O3                          O3! 
 SPECIES ZR2                         ZR2! 
  
 FUNCTION GOG       298.15 +243152.712-19.768354*T-21.1877899*T*LN(T) 
     +3.11926574E-04*T**2-4.47431091E-08*T**3-39429.2147*T**(-1); 1200 Y 
      +242775.758-18.0297811*T-21.3935718*T*LN(T)+2.63074035E-04*T**2 
     -2.10187475E-08*T**3+45566.4183*T**(-1); 4200 Y 
      +256153.267-62.6608011*T-15.9582301*T*LN(T)-7.22324717E-04*T**2 
     +1.25020998E-08*T**3-6179930.64*T**(-1); 8600 Y 
      +196006.198+33.6663286*T-26.6223022*T*LN(T)+1.34977973E-04*T**2 
     -6.53846644E-10*T**3+58777239.3*T**(-1); 20000 N ! 
 FUNCTION GOOG      298.15 -7060.28827-49.1528321*T-22.5882961*T*LN(T) 
     -.00979479607*T**2+1.23530599E-06*T**3-71500.1156*T**(-1); 1100 Y 
      -13083.0019+25.0716161*T-33.6154863*T*LN(T)-.00118136362*T**2 
     +1.1634397E-08*T**3+510204.072*T**(-1); 3500 Y 
      +13373.0553-49.9667877*T-24.6523919*T*LN(T)-.00261917175*T**2 
     +5.98963371E-08*T**3-14469647.5*T**(-1); 8600 Y 
      -396106.347+609.10011*T-97.5368511*T*LN(T)+.00310820001*T**2 
     -2.39516164E-08*T**3+4.1383392E+08*T**(-1); 17000 Y 
      -146095.713+343.760498*T-69.6503482*T*LN(T)+.00174884163*T**2 
     -1.17280957E-08*T**3; 20000 N ! 
 FUNCTION GOOOG     298.15 +131844.017-61.9932433*T-23.6380297*T*LN(T) 
     -.0332979659*T**2+6.04687914E-06*T**3+40072.2525*T**(-1); 700 Y 
      +115289.638+171.029111*T-59.2925239*T*LN(T)+.00154000821*T**2 
     -4.58189862E-07*T**3+1511599.41*T**(-1); 1400 Y 
      +57220.6359+657.072083*T-127.203238*T*LN(T)+.036802949*T**2 
     -3.88681108E-06*T**3+10816764*T**(-1); 2300 Y 
      +1148003.41-4854.52191*T+585.121822*T*LN(T)-.170713155*T**2 
     +7.48994642E-06*T**3-3.03539542E+08*T**(-1); 3400 Y 
      -1911361.54+6239.75943*T-781.526685*T*LN(T)+.101256603*T**2 
     -2.68098504E-06*T**3+9.8372401E+08*T**(-1); 4900 Y 
      -230688.021+1686.54018*T-242.714457*T*LN(T)+.0244378074*T**2 
     -6.26599166E-07*T**3; 6000 N ! 
 FUNCTION GZRG      298.15 +574491.915+82.1041496*T-38.69111*T*LN(T) 
     +.01152846*T**2-1.693255E-06*T**3+270638.8*T**(-1); 700 Y 
      +583605.367-18.3660207*T-24.06106*T*LN(T)+.001743641*T**2 
     -5.94312333E-07*T**3-748947.5*T**(-1); 1300 Y 
      +581456.747-38.333425*T-20.46361*T*LN(T)-.002961084*T**2 
     +1.08391433E-07*T**3+526352.5*T**(-1); 2700 Y 
      +618360.125-154.27834*T-6.647343*T*LN(T)-.0046738955*T**2 
     +1.06833583E-07*T**3-15872340*T**(-1); 6600 Y 
)ORULDQ5pMDVVH_7KqVHGHGRFWRUDW_8QLYHUVLWpGH/LPRJHV_GpFHPEUH 

      +491875.346+139.500851*T-40.68801*T*LN(T)-6.38357E-04*T**2 
     +1.79125333E-08*T**3+71496950*T**(-1); 10000 N ! 
 FUNCTION GZR2G     298.15 +902278.676+40.4486131*T-37.13672*T*LN(T) 
     -3.2039655E-04*T**2-4.30605167E-09*T**3+85422.15*T**(-1); 3600 Y 
      +883632.57+64.2098674*T-39.33356*T*LN(T)-.001019669*T**2 
     +6.09799667E-08*T**3+14065805; 6000 N ! 
 FUNCTION GO1ZR1G   298.15 +78625.3355-219.614015*T+4.87907453*T*LN(T) 
     -.0801192853*T**2+2.04447505E-05*T**3-105696.042*T**(-1); 700 Y 
      +49802.1324+307.467483*T-79.1244855*T*LN(T)+.0229560972*T**2 
     -2.41932799E-06*T**3+1589315.7*T**(-1); 1400 Y 
      +83859.7599+11.4627653*T-37.4808737*T*LN(T)+1.78726687E-04*T**2 
     -7.84728056E-08*T**3-3698206.99*T**(-1); 4500 N ! 
 FUNCTION GO2ZR1G   298.15 -414401.47+31.5071944*T-42.6728679*T*LN(T) 
     -.0124176063*T**2+1.85761544E-06*T**3+294517.549*T**(-1); 1100 Y 
      -429486.833+182.002676*T-64.479478*T*LN(T)+.00273768107*T**2 
     -2.20194004E-07*T**3+2442191.43*T**(-1); 4500 N ! 
 FUNCTION GO2ZR1L   298.15 -1031671.62+391.9331*T-69.6218*T*LN(T) 
     -.0037656*T**2+702910*T**(-1); 1478 Y 
      -1035025.34+450.83609*T-78.1*T*LN(T); 2208 Y 
      -1083380.54+641.362639*T-100*T*LN(T); 6000 N ! 
 FUNCTION GHSERZR   130 -7827.595+125.64905*T-24.1618*T*LN(T)-
.00437791*T**2 
     +34971*T**(-1); 2128 Y 
      -26085.921+262.724183*T-42.144*T*LN(T)-1.342896E+31*T**(-9); 6000 N ! 
 FUNCTION GO2ZR1F   298.15 -1113681+491.486437*T-80*T*LN(T); 6000 N ! 
 FUNCTION GZRHCP    298.15 -7827.59469+125.64905*T-24.1618*T*LN(T) 
     -.00437791*T**2+34971*T**(-1); 2128 Y 
      -26085.9207+262.724183*T-42.144*T*LN(T)-1.34289552E+31*T**(-9); 6000 
N ! 
 FUNCTION GZRBCC    298.15 -525.538691+124.9457*T-25.607406*T*LN(T) 
     -3.40084E-04*T**2-9.7289735E-09*T**3+25233*T**(-1)-7.6142894E-11*T**4;  
     2128 Y 
      -30705.9547+264.284163*T-42.144*T*LN(T)+1.27605754E+32*T**(-9); 6000 
N ! 
 FUNCTION GO2ZR1M   298.15 -1126367.62+426.0761*T-69.6218*T*LN(T) 
     -.0037656*T**2+702910*T**(-1); 6000 N ! 
 FUNCTION GHSERCC   298.15 -17368.441+170.73*T-24.3*T*LN(T)-4.723E-04*T**2 
     +2562600*T**(-1)-2.643E+08*T**(-2)+1.2E+10*T**(-3); 6000 N ! 
 FUNCTION UN_ASS 298.15 +0; 300 N ! 
  
 TYPE_DEFINITION % SEQ *! 
 DEFINE_SYSTEM_DEFAULT ELEMENT 2 ! 
 DEFAULT_COMMAND DEF_SYS_ELEMENT VA /- ! 
 
 
 PHASE GAS:G %  1  1.0  ! 
    CONSTITUENT GAS:G :O,O1ZR1,O2,O2ZR1,O3,ZR,ZR2 :  ! 
 
   PARAMETER G(GAS,O;0)                   298.15 +GOG#; 6000 N REF0 ! 
   PARAMETER G(GAS,O1ZR1;0)               298.15 +GO1ZR1G#; 4500 N REF0 ! 
   PARAMETER G(GAS,O2;0)                  298.15 +GOOG#; 6000 N REF0 ! 
   PARAMETER G(GAS,O2ZR1;0)               298.15 +GO2ZR1G#; 4500 N REF0 ! 
   PARAMETER G(GAS,O3;0)                  298.15 +GOOOG#; 6000 N REF0 ! 
   PARAMETER G(GAS,ZR;0)                  298.15 +GZRG#; 6000 N REF0 ! 
   PARAMETER G(GAS,ZR2;0)                 298.15 +GZR2G#; 6000 N REF0 ! 
 
 
 PHASE LIQUID:L %  1  1.0  ! 
    CONSTITUENT LIQUID:L :C,O,O2ZR1,ZR :  ! 
 
   PARAMETER G(LIQUID,C;0)                298.15 +100000.559+146.1*T 
)ORULDQ5pMDVVH_7KqVHGHGRFWRUDW_8QLYHUVLWpGH/LPRJHV_GpFHPEUH 

  -24.3*T*LN(T)-4.723E-04*T**2+2562600*T**(-1)-2.643E+08*T**(-2) 
  +1.2E+10*T**(-3); 6000 N REF0 ! 
   PARAMETER G(LIQUID,O;0)                298.15 -2648.9+31.44*T+.5*GOOG#;  
  6000 N REF0 ! 
   PARAMETER G(LIQUID,O2ZR1;0)            298.15 +GO2ZR1L#; 6000 N REF0 ! 
   PARAMETER G(LIQUID,ZR;0)               298.15 +10320.0953+116.568238*T 
  -24.1618*T*LN(T)-.00437791*T**2+34971*T**(-1)+1.6275E-22*T**7; 2128 Y 
   -8281.25969+253.812609*T-42.144*T*LN(T); 6000 N REF0 ! 
   PARAMETER G(LIQUID,C,ZR;0)             298.15 -305420.6+16.01676*T; 6000  
  N REF0 ! 
   PARAMETER G(LIQUID,C,ZR;1)             298.15 -39269.66; 6000 N REF0 ! 
   PARAMETER G(LIQUID,C,ZR;2)             298.15 +50000; 6000 N REF0 ! 
   PARAMETER G(LIQUID,O2ZR1,ZR;0)         298.15 -23653.07; 6000 N REF0 ! 
   PARAMETER G(LIQUID,O2ZR1,ZR;1)         298.15 -2599.65; 6000 N REF0 ! 
   PARAMETER G(LIQUID,O2ZR1,ZR;2)         298.15 -36782.35; 6000 N REF0 ! 
 
 
 PHASE BCC_A2  %  2 1   3 ! 
    CONSTITUENT BCC_A2  :ZR : C,O,VA :  ! 
 
   PARAMETER G(BCC_A2,ZR:C;0)             298.15 -142838.2+631.7121*T 
  -96.28173*T*LN(T)-.001856037*T**2-9.2968513E-08*T**3+2261356*T**(-1) 
  -7.933899E-09*T**3; 6000 N REF0 ! 
   PARAMETER G(BCC_A2,ZR:O;0)             298.15 -978407.6+332.0716*T 
  -18.267556*T*LN(T)+.001160192*T**2+6.4E-08*T**3+782500*T**(-1)+GZRBCC# 
  +1.5*GOOG#; 6000 N REF0 ! 
   PARAMETER G(BCC_A2,ZR:VA;0)            298.15 +GZRBCC#; 6000 N REF0 ! 
   PARAMETER G(BCC_A2,ZR:C,VA;0)          298.15 -223221.3; 6000 N REF0 ! 
   PARAMETER G(BCC_A2,ZR:O,VA;0)          298.15 -747917.32+137.65578*T;  
  6000 N REF0 ! 
 
 
 PHASE FCC_A1  %  2 1   1 ! 
    CONSTITUENT FCC_A1  :ZR : C,O,VA :  ! 
 
   PARAMETER G(FCC_A1,ZR:C;0)             298.15 -224784.9+297.0288*T 
  -48.14055*T*LN(T)-.001372273*T**2-1.015994E-07*T**3+517213*T**(-1) 
  -8.30054316E+08*T**(-3); 6000 N REF0 ! 
   PARAMETER G(FCC_A1,ZR:O;0)             298.15 -350000+30*T+GHSERZR# 
  +.5*GOOG#; 6000 N REF0 ! 
   PARAMETER G(FCC_A1,ZR:VA;0)            298.15 -227.595+124.74905*T 
  -24.1618*T*LN(T)-.00437791*T**2+34971*T**(-1); 2128 Y 
   -18485.921+261.824183*T-42.144*T*LN(T)-1.342896E+31*T**(-9); 6000 N REF0 
! 
   PARAMETER G(FCC_A1,ZR:C,VA;0)          298.15 -41870.2-35.70271*T 
  +6.042424*T*LN(T)-.001326472*T**2; 6000 N REF0 ! 
   PARAMETER G(FCC_A1,ZR:C,VA;1)          298.15 -81870.2-35.70271*T 
  +6.042424*T*LN(T)-.001326472*T**2; 6000 N REF0 ! 
   PARAMETER G(FCC_A1,ZR:C,O;0)           298.15 -34860.4718-49.9055707*T;  
  6000 N REF0 ! 
 
 
 PHASE FCC_C1  %  3 1   2   1 ! 
    CONSTITUENT FCC_C1  :ZR : O,VA : O,VA :  ! 
 
   PARAMETER G(FCC_C1,ZR:O:O;0)           298.15 +200000; 6000 N REF0 ! 
   PARAMETER G(FCC_C1,ZR:VA:O;0)          298.15 +100000; 6000 N REF0 ! 
   PARAMETER G(FCC_C1,ZR:O:VA;0)          298.15 +GO2ZR1F#; 6000 N REF0 ! 
   PARAMETER G(FCC_C1,ZR:VA:VA;0)         298.15 +50000+GZRHCP#; 6000 N 
REF0 ! 
   PARAMETER G(FCC_C1,ZR:O,VA:VA;0)       298.15 -7357.49; 6000 N REF0 ! 
)ORULDQ5pMDVVH_7KqVHGHGRFWRUDW_8QLYHUVLWpGH/LPRJHV_GpFHPEUH 

   PARAMETER G(FCC_C1,ZR:O,VA:VA;1)       298.15 +2107.4; 6000 N REF0 ! 
 
 
 PHASE GRAPHITE  %  1  1.0  ! 
    CONSTITUENT GRAPHITE  :C :  ! 
 
   PARAMETER G(GRAPHITE,C;0)              298.15 +GHSERCC#; 6000 N REF0 ! 
 
 
 PHASE HCP_A3  %  2 1   .5 ! 
    CONSTITUENT HCP_A3  :ZR : C,O,VA :  ! 
 
   PARAMETER G(HCP_A3,ZR:C;0)             298.15 -115822.7+212.2971*T 
  -36.1565*T*LN(T)-.001375489*T**2-1.361587E-07*T**3+217131*T**(-1) 
  -1.9505689E+08*T**(-3); 6000 N REF0 ! 
   PARAMETER G(HCP_A3,ZR:O;0)             298.15 -290871.56+101.92917*T 
  -7.139787*T*LN(T)+GZRHCP#+.25*GOOG#; 6000 N REF0 ! 
   PARAMETER G(HCP_A3,ZR:VA;0)            298.15 +GZRHCP#; 6000 N REF0 ! 
   PARAMETER G(HCP_A3,ZR:C,VA;0)          298.15 +3206.881; 6000 N REF0 ! 
   PARAMETER G(HCP_A3,ZR:O,VA;0)          298.15 -28231.33+15.26992*T; 6000  
  N REF0 ! 
   PARAMETER G(HCP_A3,ZR:O,VA;1)          298.15 -8645.05+2.91905*T; 6000 N  
  REF0 ! 
 
 
 PHASE MONO  %  1  1.0  ! 
    CONSTITUENT MONO  :O2ZR1 :  ! 
 
   PARAMETER G(MONO,O2ZR1;0)              298.15 +GO2ZR1M#; 6000 N REF0 ! 
 
 
 PHASE TETRA  %  1  1.0  ! 
    CONSTITUENT TETRA  :O2ZR1 :  ! 
 
   PARAMETER G(TETRA,O2ZR1;0)             298.15 -1121646.51+479.515703*T 
  -78.1*T*LN(T); 6000 N REF0 ! 
 
 LIST_OF_REFERENCES 
 NUMBER  SOURCE 







ELEMENT /-   ELECTRON_GAS               0.0000E+00  0.0000E+00  0.0000E+00! 
 ELEMENT VA   VACUUM                    0.0000E+00  0.0000E+00  0.0000E+00! 
 ELEMENT C    GRAPHITE                  1.2011E+01  1.0540E+03  5.7400E+00! 
 ELEMENT HF   HCP_A3                    1.7849E+02  5.8450E+03  4.3560E+01! 
 ELEMENT O    GAS_1/2_MOLE_O2           1.5999E+01  4.3410E+03  1.0252E+02! 
  
 SPECIES HF+4                        HF1/+4! 
 SPECIES HF1O1                       HF1O1! 
 SPECIES HF1O2                       HF1O2! 
 SPECIES O-2                         O1/-2! 
 SPECIES O2                          O2! 
 SPECIES O2-2                        O2/-2! 
 SPECIES O3                          O3! 
 SPECIES VA-2                        VA1/-2! 
 SPECIES VA-4                        VA1/-4! 
  
 FUNCTION F11148T   298.15 +617056.219-63.2709603*T-18.39562*T*LN(T) 
     -.0012918935*T**2-8.82478833E-07*T**3-52100.45*T**(-1); 700 Y 
      +620483.245-117.717981*T-9.924584*T*LN(T)-.010280685*T**2 
     +8.59787167E-07*T**3-299415.5*T**(-1); 1700 Y 
      +579429.545+154.489923*T-46.59529*T*LN(T)+.0043662005*T**2 
     -2.43450833E-07*T**3+8372780*T**(-1); 4200 Y 
      +774112.735-449.953417*T+26.29293*T*LN(T)-.007829545*T**2 
     +1.4093445E-07*T**3-89758000*T**(-1); 8800 Y 
      +240587.568+415.824682*T-69.61305*T*LN(T)-1.3868485E-04*T**2 
     +2.49491833E-08*T**3+4.6926785E+08*T**(-1); 10000 N ! 
 FUNCTION F11183T   298.15 +62940.8071-40.9156148*T-28.3658*T*LN(T) 
     -.007276495*T**2+1.01958767E-06*T**3+58458.65*T**(-1); 700 Y 
      +59559.5027+19.378148*T-37.89078*T*LN(T)+.0036336835*T**2 
     -1.1975895E-06*T**3+247046.45*T**(-1); 1400 Y 
      +103760.564-342.615352*T+12.49522*T*LN(T)-.021788325*T**2 
     +1.198578E-06*T**3-6989295*T**(-1); 2600 Y 
      -28663.0213+312.032338*T-71.76128*T*LN(T)+.00184396*T**2 
     -3.57374E-08*T**3+31649665*T**(-1); 5700 Y 
      -41768.4312+310.198914*T-71.03452*T*LN(T)+.0012058915*T**2 
     -8.191305E-09*T**3+50801050*T**(-1); 10000 N ! 
 FUNCTION F11203T   298.15 -229480.942+8.72983769*T-40.25422*T*LN(T) 
     -.01666109*T**2+2.97927E-06*T**3+237328.6*T**(-1); 700 Y 
      -238953.708+135.078913*T-59.39669*T*LN(T)+8.697345E-04*T**2 
     -9.73477667E-08*T**3+1130732*T**(-1); 2700 Y 
      -156234.064-146.3845*T-25.24511*T*LN(T)-.004732982*T**2 
     +3.490855E-08*T**3-34168770*T**(-1); 5000 Y 
      +60613.7736-782.454499*T+50.79205*T*LN(T)-.01648782*T**2 
     +3.73003333E-07*T**3-1.49192E+08*T**(-1); 6000 N ! 
 FUNCTION OGAS      298.15 +243206.494-20.8612587*T-21.01555*T*LN(T) 
     +1.2687055E-04*T**2-1.23131283E-08*T**3-42897.09*T**(-1); 2950 Y 
      +252301.423-52.0847285*T-17.21188*T*LN(T)-5.413565E-04*T**2 
     +7.64520667E-09*T**3-3973170.5*T**(-1); 6000 N ! 
 FUNCTION O2GAS     298.15 -6960.69252-51.1831473*T-22.25862*T*LN(T) 
     -.01023867*T**2+1.339947E-06*T**3-76749.55*T**(-1); 900 Y 
)ORULDQ5pMDVVH_7KqVHGHGRFWRUDW_8QLYHUVLWpGH/LPRJHV_GpFHPEUH 

      -13136.0172+24.743296*T-33.55726*T*LN(T)-.0012348985*T**2 
     +1.66943333E-08*T**3+539886*T**(-1); 3700 Y 
      +14154.6461-51.4854586*T-24.47978*T*LN(T)-.002634759*T**2 
     +6.01544333E-08*T**3-15120935*T**(-1); 9600 Y 
      -314316.628+515.068037*T-87.56143*T*LN(T)+.0025787245*T**2 
     -1.878765E-08*T**3+2.9052515E+08*T**(-1); 18500 Y 
      -108797.175+288.483019*T-63.737*T*LN(T)+.0014375*T**2-9E-09*T**3 
     +.25153895*T**(-1); 20000 N ! 
 FUNCTION O3GAS     298.15 +130696.944-37.9096651*T-27.58118*T*LN(T) 
     -.02763076*T**2+4.60539333E-06*T**3+99530.45*T**(-1); 400 Y 
      +114760.623+176.626736*T-60.10286*T*LN(T)+.00206456*T**2 
     -5.17486667E-07*T**3+1572175*T**(-1); 1300 Y 
      +49468.3958+710.094819*T-134.3696*T*LN(T)+.039707355*T**2 
     -4.10457667E-06*T**3+12362250*T**(-1); 2100 Y 
      +866367.075-3566.80563*T+421.2001*T*LN(T)-.1284109*T**2 
     +5.44768833E-06*T**3-2.1304835E+08*T**(-1); 2800 Y 
      +409416.384-1950.70834*T+223.4437*T*LN(T)-.0922361*T**2 
     +4.306855E-06*T**3-21589870*T**(-1); 3500 Y 
      -1866338.6+6101.13383*T-764.8435*T*LN(T)+.09852775*T**2 
     -2.59784667E-06*T**3+9.610855E+08*T**(-1); 4900 Y 
      +97590.0432+890.79836*T-149.9608*T*LN(T)+.01283575*T**2 
     -3.555105E-07*T**3-2.1699975E+08*T**(-1); 6000 N ! 
 FUNCTION GGASCCT   298.15 +710430.933-17.7062919*T-20.97529*T*LN(T) 
     +1.998237E-04*T**2-3.34617167E-08*T**3+1680.6515*T**(-1); 3400 Y 
      +698015.711+2.57175186*T-23.05071*T*LN(T)-6.04604E-05*T**2 
     +6.74291667E-10*T**3+8558245*T**(-1); 10000 Y 
      +736197.571-32.7975309*T-19.44529*T*LN(T)-1.5396035E-04*T**2 
     -6.15402167E-11*T**3-56188350*T**(-1); 20000 N ! 
 FUNCTION GHFO2     298.15 -1140482.96+414.221582*T-69.26978*T*LN(T) 
     -.00578349*T**2+1.18556783E-10*T**3+553972*T**(-1); 2100 Y 
      -1175625.83+641.774324*T-98.4*T*LN(T)+3.284007E-15*T**2 
     -1.716525E-19*T**3+5.40406E-06*T**(-1); 2793 Y 
      -1180094.63+656.070118*T-100*T*LN(T)+1.175826E-14*T**2 
     -4.54488667E-19*T**3+4.7303325E-05*T**(-1); 3073 Y 
      -1195459.63+701.222166*T-105*T*LN(T)+6.60493E-17*T**2-1.98101E-
21*T**3 
     +3.081755E-07*T**(-1); 6000 N ! 
 FUNCTION GHSEROO   298.15 -3480.87-25.503038*T-11.136*T*LN(T) 
     -.005098888*T**2+6.61846E-07*T**3-38365*T**(-1); 1000 Y 
      -6568.763+12.65988*T-16.8138*T*LN(T)-5.95798E-04*T**2+6.781E-09*T**3 
     +262905*T**(-1); 3300 Y 
      -13986.728+31.259625*T-18.9536*T*LN(T)-4.25243E-04*T**2 
     +1.0721E-08*T**3+4383200*T**(-1); 6000 N ! 
 FUNCTION GBCCHF    298.15 +5370.703+103.836026*T-22.8995*T*LN(T) 
     -.004206605*T**2+8.71923E-07*T**3-22590*T**(-1)-1.446E-10*T**4; 2506 Y 
      +1912456.77-8624.20573*T+1087.61412*T*LN(T)-.286857065*T**2 
     +1.3427829E-05*T**3-6.10085091E+08*T**(-1); 3000 N ! 
 FUNCTION GHSERHF   298.15 -6987.297+110.744026*T-22.7075*T*LN(T) 
     -.004146145*T**2-4.77E-10*T**3-22590*T**(-1); 2506 Y 
      -1446776.33+6193.60999*T-787.536383*T*LN(T)+.1735215*T**2 
     -7.575759E-06*T**3+5.01742495E+08*T**(-1); 3000 N ! 
 FUNCTION GHSERCC   298.15 -17368.441+170.73*T-24.3*T*LN(T)-4.723E-04*T**2 
     +2562600*T**(-1)-2.643E+08*T**(-2)+1.2E+10*T**(-3); 6000 N ! 
 FUNCTION UN_ASS 298.15 +0; 300 N ! 
  
 TYPE_DEFINITION % SEQ *! 
 DEFINE_SYSTEM_DEFAULT ELEMENT 2 ! 
 DEFAULT_COMMAND DEF_SYS_ELEMENT VA /- ! 
 
 
 PHASE GAS:G %  1  1.0  ! 
)ORULDQ5pMDVVH_7KqVHGHGRFWRUDW_8QLYHUVLWpGH/LPRJHV_GpFHPEUH 

    CONSTITUENT GAS:G :C,HF,HF1O1,HF1O2,O,O2,O3 :  ! 
 
   PARAMETER G(GAS,C;0)    298.15 +GGASCCT#+RTLNP#; 6000 N REF1 ! 
   PARAMETER G(GAS,HF;0)   298.15 +F11148T#+R#*T*LN(1E-05*P);6000 N REF0 ! 
   PARAMETER G(GAS,HF1O1;0) 298.15 +F11183T#+R#*T*LN(1E-05*P); 6000 N REF0 
! 
   PARAMETER G(GAS,HF1O2;0) 298.15 +F11203T#+R#*T*LN(1E-05*P); 6000 N REF0 
! 
   PARAMETER G(GAS,O;0)    298.15 +OGAS#+RTLNP#; 6000 N REF4 ! 
   PARAMETER G(GAS,O2;0)   298.15 +O2GAS#+RTLNP#; 6000 N REF5 ! 
   PARAMETER G(GAS,O3;0)   298.15 +O3GAS#+RTLNP#; 6000 N REF6 ! 
 
 
 PHASE IONIC_LIQUID:Y %  2 6   4 ! 
    CONSTITUENT IONIC_LIQUID:Y :HF+4 : O-2,VA,C,O :  ! 
 
   PARAMETER G(IONIC_LIQUID,HF+4:O-2;0)   298.15 +2*GHFO2#+252000-86.798*T;  
  6000 N REF9 ! 
   PARAMETER G(IONIC_LIQUID,HF+4:VA;0)    298.15 +20414.959+99.790933*T 
  -22.7075*T*LN(T)-.004146145*T**2-4.77E-10*T**3-22590*T**(-1); 1000 Y 
   +49731.499-149.91739*T+12.116812*T*LN(T)-.021262021*T**2 
  +1.376466E-06*T**3-4449699*T**(-1); 2506 Y 
   -4247.217+265.470523*T-44*T*LN(T); 3000 N REF9 ! 
   PARAMETER G(IONIC_LIQUID,C;0)          298.15 +100000.559+146.1*T 
  -24.3*T*LN(T)-4.723E-04*T**2+2562600*T**(-1)-2.643E+08*T**(-2) 
  +1.2E+10*T**(-3); 6000 N REF1 ! 
   PARAMETER G(IONIC_LIQUID,O;0)          298.15 +GHSEROO#-2648.9+31.44*T;  
  6000 N REF3 ! 
   PARAMETER G(IONIC_LIQUID,HF+4:O-2,VA;0) 298.15 +50821+4.203*T; 6000 N  
  REF9 ! 
   PARAMETER G(IONIC_LIQUID,HF+4:O-2,VA;1) 298.15 +420485-133.3*T; 6000 N  
  REF9 ! 
   PARAMETER G(IONIC_LIQUID,HF+4:O-2,VA;2) 298.15 +30537; 6000 N REF9 ! 
   PARAMETER G(IONIC_LIQUID,HF+4:VA,C;0)  298.15 -395564+42.9738*T; 3000 N  
  REF2 ! 
   PARAMETER G(IONIC_LIQUID,HF+4:VA,C;1)  298.15 +67417.5; 3000 N REF2 ! 
   PARAMETER G(IONIC_LIQUID,HF+4:VA,C;2)  298.15 +225427-44.5905*T; 3000 N  
  REF2 ! 
   PARAMETER G(IONIC_LIQUID,HF+4:VA,C;3)  298.15 -231368+29.9471*T; 3000 N  
  REF2 ! 
 
 
 TYPE_DEFINITION & GES A_P_D BCC_A2 MAGNETIC  -1.0    4.00000E-01 ! 
 PHASE BCC_A2  %&  2 1   3 ! 
    CONSTITUENT BCC_A2  :HF : C,O,VA :  ! 
 
   PARAMETER G(BCC_A2,HF:C;0)             298.15 -75417.6+584.036*T 
  -90.8379*T*LN(T)-.00385324*T**2+2223284*T**(-1); 3000 N REF2 ! 
   PARAMETER G(BCC_A2,HF:O;0)             298.15 +GBCCHF#+3*GHSEROO#-737857 
  +268.54*T; 6000 N REF9 ! 
   PARAMETER G(BCC_A2,HF:VA;0)            298.15 +5370.703+103.836026*T 
  -22.8995*T*LN(T)-.004206605*T**2+8.71923E-07*T**3-22590*T**(-1) 
  -1.446E-10*T**4; 2506 Y 
   +1912456.77-8624.20573*T+1087.61412*T*LN(T)-.286857065*T**2 
  +1.3427829E-05*T**3-6.10085091E+08*T**(-1); 3000 N REF1 ! 
   PARAMETER G(BCC_A2,HF:C,VA;0)          298.15 -435839; 3000 N REF2 ! 
   PARAMETER G(BCC_A2,HF:O,VA;0)          298.15 -981440+20.349*T; 6000 N  
  REF9 ! 
 
 
 PHASE C1_MO2  %  3 1   2   1 ! 
)ORULDQ5pMDVVH_7KqVHGHGRFWRUDW_8QLYHUVLWpGH/LPRJHV_GpFHPEUH 

    CONSTITUENT C1_MO2  :HF+4 : O-2%,VA : O-2,VA% :  ! 
 
   PARAMETER G(C1_MO2,HF+4:O-2:O-2;0)     298.15 +GHFO2#+GHSEROO#+1000000;  
  6000 N REF1 ! 
   PARAMETER G(C1_MO2,HF+4:VA:O-2;0)      298.15 +GHFO2#-GHSEROO#+80*T; 
6000  
  N REF1 ! 
   PARAMETER G(C1_MO2,HF+4:O-2:VA;0)      298.15 +GHFO2#+30000-
12.1589689*T;  
  6000 N REF1 ! 
   PARAMETER G(C1_MO2,HF+4:VA:VA;0)       298.15 +GHFO2#-2*GHSEROO#; 6000 N  
  REF1 ! 
 
 
 PHASE DIAMOND_A4  %  1  1.0  ! 
    CONSTITUENT DIAMOND_A4  :C,O :  ! 
 
   PARAMETER G(DIAMOND_A4,C;0)            298.15 -16359.441+175.61*T 
  -24.31*T*LN(T)-4.723E-04*T**2+2698000*T**(-1)-2.61E+08*T**(-2) 
  +1.11E+10*T**(-3); 6000 N REF1 ! 
   PARAMETER G(DIAMOND_A4,O;0)            298.15 +GHSEROO#+30000; 6000 N  
  REF7 ! 
 
 
 TYPE_DEFINITION ' GES A_P_D FCC_A1 MAGNETIC  -3.0    2.80000E-01 ! 
 PHASE FCC_A1  %'  2 1   1 ! 
    CONSTITUENT FCC_A1  :HF : C,O,VA :  ! 
 
   PARAMETER G(FCC_A1,HF:C;0)             298.15 -226447+272.916*T 
  -45.61482*T*LN(T)-.00299726*T**2+501495*T**(-1)-9.58263E+08*T**(-3); 3000  
  N REF2 ! 
   PARAMETER G(FCC_A1,HF:O;0)             298.15 -230000+GHSERHF#+10000 
  -2.2*T+GHSEROO#; 6000 N REF0 ! 
   PARAMETER G(FCC_A1,HF:VA;0)            298.15 +3012.703+108.544026*T 
  -22.7075*T*LN(T)-.004146145*T**2-4.77E-10*T**3-22590*T**(-1); 2506 Y 
   -1436776.33+6191.40999*T-787.536383*T*LN(T)+.1735215*T**2 
  -7.575759E-06*T**3+5.01742495E+08*T**(-1); 3000 N REF1 ! 
   PARAMETER G(FCC_A1,HF:C,VA;0)          298.15 -102413+27.976*T; 3000 N  
  REF2 ! 
   PARAMETER G(FCC_A1,HF:C,VA;1)          298.15 -151822+38.2048*T; 3000 N  
  REF2 ! 
   PARAMETER G(FCC_A1,HF:C,O;0)           298.15 -257665.89+4.98131603*T;  
  6000 N REF0 ! 
 
 
 PHASE GRAPHITE  %  1  1.0  ! 
    CONSTITUENT GRAPHITE  :C :  ! 
 
   PARAMETER G(GRAPHITE,C;0)              298.15 +GHSERCC#; 6000 N REF1 ! 
 
 
 TYPE_DEFINITION ( GES A_P_D HCP_A3 MAGNETIC  -3.0    2.80000E-01 ! 
 PHASE HCP_A3  %(  2 1   .5 ! 
    CONSTITUENT HCP_A3  :HF : C,O,VA :  ! 
 
   PARAMETER G(HCP_A3,HF:C;0)             298.15 -51407.9+192.576*T 
  -34.064*T*LN(T)-.003139792*T**2+176580*T**(-1); 3000 N REF2 ! 
   PARAMETER G(HCP_A3,HF:O;0)             298.15 +GHSERHF#+.5*GHSEROO# 
  -271214+41.56*T; 6000 N REF9 ! 
   PARAMETER G(HCP_A3,HF:VA;0)            298.15 +GHSERHF#; 3000 N REF1 ! 
   PARAMETER G(HCP_A3,HF:C,VA;0)          298.15 -136694-9.91735*T; 3000 N  
)ORULDQ5pMDVVH_7KqVHGHGRFWRUDW_8QLYHUVLWpGH/LPRJHV_GpFHPEUH 

  REF2 ! 
   PARAMETER G(HCP_A3,HF:C,VA;1)          298.15 -145903; 3000 N REF2 ! 
   PARAMETER G(HCP_A3,HF:C,VA;2)          298.15 -92238.7; 3000 N REF2 ! 
   PARAMETER G(HCP_A3,HF:O,VA;0)          298.15 -31345; 6000 N REF9 ! 
   PARAMETER G(HCP_A3,HF:O,VA;1)          298.15 -6272; 6000 N REF9 ! 
 
 
 PHASE HF1O2_S  %  1  1.0  ! 
    CONSTITUENT HF1O2_S  :HF1O2 :  ! 
 
   PARAMETER G(HF1O2_S,HF1O2;0)           298.15 +GHFO2#; 6000 N REF0 ! 
 
 
 PHASE HF1O2_S2  %  1  1.0  ! 
    CONSTITUENT HF1O2_S2  :HF1O2 :  ! 
 
   PARAMETER G(HF1O2_S2,HF1O2;0)          298.15 +GHFO2#+12000-
5.71428571*T;  
  6000 N REF0 ! 
 
 LIST_OF_REFERENCES 
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   REF1     'PURE4 - SGTE Pure Elements (Unary) Database (Version 4.6),  
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   REF3     'A T Dinsdale, SGTE Data for Pure Elements, Calphad 15(1991)4 p  
           317-425; also in NPL Report DMA(A)195 Rev. August 1990' 







ELEMENT /-   ELECTRON_GAS              0.0000E+00  0.0000E+00  0.0000E+00! 
ELEMENT VA   VACUUM                    0.0000E+00  0.0000E+00  0.0000E+00! 
ELEMENT C    GRAPHITE                  1.2011E+01  1.0540E+03  5.7423E+00! 
ELEMENT O    1/2_MOLE_O2(G)            1.5999E+01  4.3410E+03  1.0252E+02! 
ELEMENT TI   HCP                       4.7880E+01  4.8100E+03  3.0648E+01! 
  
SPECIES C1O1                        C1O1! 
SPECIES C1O2                        C1O2! 
SPECIES C1TI1                       C1TI1! 
SPECIES C2                          C2! 
SPECIES C2O1                        C2O1! 
SPECIES C3                          C3! 
SPECIES C3O2                        C3O2! 
SPECIES C4                          C4! 
SPECIES C5                          C5! 
SPECIES C60                         C60! 
SPECIES O-2                         O1/-2! 
SPECIES O2                          O2! 
SPECIES O3                          O3! 
SPECIES O3TI2                       O1.5TI1! 
SPECIES O5TI3                       O5TI3! 
SPECIES O7TI4                       O7TI4! 
SPECIES TI+2                        TI1/+2! 
SPECIES TI+3                        TI1/+3! 
SPECIES TI+4                        TI1/+4! 
SPECIES TI2                         TI2! 
SPECIES TIO                         O1TI1! 
SPECIES TIO2                        O2TI1! 
SPECIES TIO3/2                      O1.5TI1! 
SPECIES VA-2                        VA1/-2! 
 
FUNCTION GGASCCT   298.15 +710430.933-17.7062919*T-20.97529*T*LN(T) 
     +1.998237E-04*T**2-3.34617167E-08*T**3+1680.6515*T**(-1); 3400 Y 
      +698015.711+2.57175186*T-23.05071*T*LN(T)-6.04604E-05*T**2 
     +6.74291667E-10*T**3+8558245*T**(-1); 10000 Y 
      +736197.571-32.7975309*T-19.44529*T*LN(T)-1.5396035E-04*T**2 
     -6.15402167E-11*T**3-56188350*T**(-1); 20000 N ! 
FUNCTION F4794T    298.15 -118162.143-23.1824004*T-25.84624*T*LN(T) 
     -.003281553*T**2-1.63612533E-07*T**3-55604.1*T**(-1); 800 Y 
      -122211.036+7.61017665*T-29.9366*T*LN(T)-.0027053115*T**2 
     +1.75559167E-07*T**3+541480.5*T**(-1); 2200 Y 
      -131274.213+62.1198833*T-37.17593*T*LN(T)-1.020237E-04*T**2 
     -6.44914833E-10*T**3+2724014*T**(-1); 6000 N ! 
FUNCTION F4815T    298.15 -404733.623-4.69677711*T-29.32959*T*LN(T) 
     -.01996358*T**2+2.45837833E-06*T**3+124430.9*T**(-1); 900 Y 
      -421187.23+168.064895*T-54.43846*T*LN(T)-.002556694*T**2 
     +1.34184133E-07*T**3+2179368*T**(-1); 2700 Y 
      -462626.164+339.502796*T-76.00339*T*LN(T)+.0026074805*T**2 
     -1.06680183E-07*T**3+17540465*T**(-1); 7600 Y 
      +322101.769-1097.44815*T+85.62125*T*LN(T)-.01226122*T**2 
)ORULDQ5pMDVVH_7KqVHGHGRFWRUDW_8QLYHUVLWpGH/LPRJHV_GpFHPEUH 

     +1.50875083E-07*T**3-7.00947E+08*T**(-1); 10000 N ! 
FUNCTION F4954T    298.15 +803005.137+419.915369*T-97.48141*T*LN(T) 
     +.08202995*T**2-1.97357E-05*T**3+690749.5*T**(-1); 500 Y 
      +826732.964-2.78397075*T-30.08349*T*LN(T)-.002621389*T**2 
     +8.30959667E-08*T**3-868501*T**(-1); 4300 Y 
      +850321.493-26.7776267*T-27.96957*T*LN(T)-.0019408995*T**2 
     +3.222655E-08*T**3-22380050*T**(-1); 12000 Y 
      +409662.376+520.53814*T-86.66656*T*LN(T)+.0015642485*T**2 
     -7.28093667E-09*T**3+6.04612E+08*T**(-1); 20000 N ! 
FUNCTION F5466T    298.15 +277813.193+28.9798334*T-37.78569*T*LN(T) 
     -.01453685*T**2+1.57701533E-06*T**3+112606.3*T**(-1); 1000 Y 
      +264063.563+160.518573*T-56.6296*T*LN(T)-.0026141425*T**2 
     +9.85593667E-08*T**3+2048364*T**(-1); 3500 Y 
      +234215.001+257.69025*T-68.43674*T*LN(T)-4.895632E-04*T**2 
     +2.485785E-08*T**3+16450450*T**(-1); 6000 N ! 
FUNCTION F5510T    298.15 +829826.554-14.7696351*T-32.21563*T*LN(T) 
     -.014548565*T**2+1.77806833E-06*T**3-100277.6*T**(-1); 1000 Y 
      +809388.444+179.25291*T-59.93982*T*LN(T)+.0025413955*T**2 
     -2.54139667E-07*T**3+2769455*T**(-1); 2800 Y 
      +959399.017-367.175865*T+7.286391*T*LN(T)-.010483215*T**2 
     +2.00694833E-07*T**3-58720050*T**(-1); 5100 Y 
      +645204.419+237.848566*T-60.73106*T*LN(T)-.0047721765*T**2 
     +1.3846755E-07*T**3+1.945987E+08*T**(-1); 8000 Y 
      -79243.2062+1580.27099*T-211.8741*T*LN(T)+.009202285*T**2 
     -1.030498E-07*T**3+8.44019E+08*T**(-1); 10000 N ! 
FUNCTION F5577T    298.15 -118237.391+100.762627*T-53.19108*T*LN(T) 
     -.030805495*T**2+3.59023833E-06*T**3+332492.95*T**(-1); 1000 Y 
      -150856.91+416.603392*T-98.47748*T*LN(T)-.0022049665*T**2 
     +1.09623667E-07*T**3+4818702*T**(-1); 3300 Y 
      -164679.617+482.276431*T-106.8785*T*LN(T)+2.986764E-05*T**2 
     +4.29362E-10*T**3+9089650*T**(-1); 6000 N ! 
FUNCTION F5587T    298.15 +1015583.43+114.927796*T-53.39543*T*LN(T) 
     -.01399763*T**2+8.26027167E-07*T**3+181008.25*T**(-1); 2500 Y 
      +937071.116+522.054721*T-106.1735*T*LN(T)+.0016641645*T**2 
     -4.03015E-08*T**3+21906740*T**(-1); 7000 Y 
      +974994.003+406.652032*T-92.4518*T*LN(T)-2.6888155E-04*T**2 
     +7.07303167E-09*T**3+7587140*T**(-1); 10000 N ! 
FUNCTION F5696T    298.15 +1028316.51+169.994576*T-62.97185*T*LN(T) 
     -.0317015*T**2+4.09694E-06*T**3+186275.3*T**(-1); 900 Y 
      +999750.247+470.150388*T-106.5965*T*LN(T)-.0014783715*T**2 
     +7.07236167E-08*T**3+3747842.5*T**(-1); 3500 Y 
      +990603.918+513.736611*T-112.1708*T*LN(T)-6.611165E-06*T**2 
     +1.10554567E-10*T**3+6565820*T**(-1); 10000 N ! 
FUNCTION F5719T    298.15 +2466802.51+88.4522193*T+10.293*T*LN(T) 
     -1.15472*T**2+1.77008333E-04*T**3+4621630*T**(-1); 800 Y 
      +1709986.12+9262.28939*T-1356.31*T*LN(T)-.0366229*T**2 
     +1.98371667E-06*T**3+84578000*T**(-1); 3300 N ! 
FUNCTION GGASO     298.15 +243248.2-20.9611*T-21.01*T*LN(T)+1.25E-04*T**2 
     -1.167E-08*T**3-45000*T**(-1); 3000 N ! 
FUNCTION GHSEROO   298.15 -3480.87-25.503038*T-11.1355*T*LN(T) 
     -.005098875*T**2+6.61845833E-07*T**3-38365*T**(-1); 1000 Y 
      -6568.763+12.659879*T-16.8138*T*LN(T)-5.957975E-04*T**2+6.781E-
09*T**3 
     +262905*T**(-1); 3300 Y 
      -13986.728+31.259624*T-18.9536*T*LN(T)-4.25243E-04*T**2 
     +1.0721E-08*T**3+4383200*T**(-1); 6000 N ! 
FUNCTION GGASO3    298.15 +121201.2+133.8825*T-54.26*T*LN(T)-.001*T**2 
     +78000*T**(-1); 2000 N ! 
FUNCTION GGASTI    298.15 +467547.2-26.6011*T-23.33*T*LN(T)+.002515*T**2 
     -4.683E-07*T**3-105000*T**(-1); 2500 N ! 
FUNCTION GGASTIO   298.15 +41669.9+17.6243*T-37.04*T*LN(T)-4.85E-04*T**2 
)ORULDQ5pMDVVH_7KqVHGHGRFWRUDW_8QLYHUVLWpGH/LPRJHV_GpFHPEUH 

     +245000*T**(-1); 2023 N ! 
FUNCTION GGASTIO2  298.15 -325240.5+110.2779*T-54.32*T*LN(T)-.00101*T**2 
     +530000*T**(-1); 2130 N ! 
FUNCTION GLIQTI    298.15 +4134.494+126.63427*T-23.9933*T*LN(T) 
     -.004777975*T**2+1.06716E-07*T**3+72636*T**(-1); 900 Y 
      +4382.601+126.00713*T-23.9887*T*LN(T)-.0042033*T**2-9.0876E-08*T**3 
     +42680*T**(-1); 1155 Y 
      +13103.253+59.9956*T-14.9466*T*LN(T)-.0081465*T**2+2.02715E-07*T**3 
     -1477660*T**(-1); 1300 Y 
      +369519.198-2554.0225*T+342.059267*T*LN(T)-.163409355*T**2 
     +1.2457117E-05*T**3-67034516*T**(-1); 1941 Y 
      -19887.066+298.7367*T-46.29*T*LN(T); 4000 N ! 
FUNCTION GTI1O1    298.15 -551056.766+252.169378*T-41.994808*T*LN(T) 
     +327015.164*T**(-1)-.00889792452*T**2+1.0970448E-08*T**3; 2500 N ! 
FUNCTION GTI2O3    298.15 -1545045.78+185.96227*T-30.3934128*T*LN(T) 
     -.099958898*T**2-5.93279345E-06*T**3-117799.056*T**(-1); 470 Y 
      -1586585.8+937.087*T-147.673862*T*LN(T)-.00173711312*T**2 
     -1.53383348E-10*T**3+2395423.68*T**(-1); 2115 N ! 
FUNCTION GTIO2     298.15 -976986.6+484.74037*T-77.76175*T*LN(T) 
     -67156800*T**(-2)+1683920*T**(-1); 4000 N ! 
FUNCTION GHSERTI   298.15 -8059.921+133.615208*T-23.9933*T*LN(T) 
     -.004777975*T**2+1.06716E-07*T**3+72636*T**(-1); 900 Y 
      -7811.815+132.988068*T-23.9887*T*LN(T)-.0042033*T**2-9.0876E-08*T**3 
     +42680*T**(-1); 1155 Y 
      +908.837+66.976538*T-14.9466*T*LN(T)-.0081465*T**2+2.02715E-07*T**3 
     -1477660*T**(-1); 1941 Y 
      -124526.786+638.806871*T-87.2182461*T*LN(T)+.008204849*T**2 
     -3.04747E-07*T**3+36699805*T**(-1); 4000 N ! 
FUNCTION GTIOX     298.15 +GFCCTI#+GHSEROO#-532988+179.403*T-11*T*LN(T);  
     6000 N ! 
FUNCTION GHSERTIC  298.15 -168261.31+293.73187*T-48.0195*T*LN(T) 
     +819000*T**(-1)-.00272*T**2-2.03E+09*T**(-3); 6000 N ! 
FUNCTION GFCCTI    298.15 +6000-.1*T+GHSERTI#; 4000 N ! 
FUNCTION GHSERCC   298.15 -17368.441+170.73*T-24.3*T*LN(T)-4.723E-04*T**2 
     +2562600*T**(-1)-2.643E+08*T**(-2)+1.2E+10*T**(-3); 6000 N ! 
FUNCTION GBCCTI    298.15 -1272.064+134.71418*T-25.5768*T*LN(T) 
     -6.63845E-04*T**2-2.78803E-07*T**3+7208*T**(-1); 1155 Y 
      +6667.385+105.366379*T-22.3771*T*LN(T)+.00121707*T**2-8.4534E-07*T**3 
     -2002750*T**(-1); 1941 Y 
      +26483.26-182.426471*T+19.0900905*T*LN(T)-.02200832*T**2 
     +1.228863E-06*T**3+1400501*T**(-1); 4000 N ! 
FUNCTION UN_ASS 298.15 +0; 300 N ! 
  
TYPE_DEFINITION % SEQ *! 
DEFINE_SYSTEM_DEFAULT ELEMENT 2 ! 
DEFAULT_COMMAND DEF_SYS_ELEMENT VA /- ! 
 
 PHASE GAS:G %  1  1.0  ! 
    CONSTITUENT GAS:G 
:C,C1O1,C1O2,C2,C2O1,C3,C3O2,C4,C5,C60,O,O2,O3,TI,TIO, 
    TIO2 :  ! 
 
   PARAMETER G(GAS,C;0)         298.15 +GGASCCT#+RTLNP#; 6000 N  REF2 ! 
   PARAMETER G(GAS,C1O1;0)      298.15 +F4794T#+RTLNP#; 6000 N  REF5 ! 
   PARAMETER G(GAS,C1O2;0)      298.15 +F4815T#+RTLNP#; 6000 N REF5 ! 
   PARAMETER G(GAS,C2;0)        298.15 +F4954T#+RTLNP#; 6000 N REF5 ! 
   PARAMETER G(GAS,C2O1;0)      298.15 +F5466T#+RTLNP#; 6000 N REF5 ! 
   PARAMETER G(GAS,C3;0)        298.15 +F5510T#+RTLNP#; 6000 N REF5 ! 
   PARAMETER G(GAS,C3O2;0)      298.15 +F5577T#+RTLNP#; 6000 N REF5 ! 
   PARAMETER G(GAS,C4;0)        298.15 +F5587T#+RTLNP#; 6000 N REF5 ! 
   PARAMETER G(GAS,C5;0)        298.15 +F5696T#+RTLNP#; 6000 N REF5 ! 
)ORULDQ5pMDVVH_7KqVHGHGRFWRUDW_8QLYHUVLWpGH/LPRJHV_GpFHPEUH 

   PARAMETER G(GAS,C60;0)       298.15 +F5719T#+RTLNP#; 6000 N REF5 ! 
   PARAMETER G(GAS,O;0)         298.15 +GGASO#+RTLNP#; 6000 N REF1 ! 
   PARAMETER G(GAS,O2;0)        298.15 +2*GHSEROO#+RTLNP#; 6000 N REF1 ! 
   PARAMETER G(GAS,O3;0)        298.15 +GGASO3#+RTLNP#; 6000 N REF1 ! 
   PARAMETER G(GAS,TI;0)        298.15 +GGASTI#+RTLNP#; 6000 N REF1 ! 
   PARAMETER G(GAS,TIO;0)       298.15 +GGASTIO#+RTLNP#; 6000 N REF1 ! 
   PARAMETER G(GAS,TIO2;0)      298.15 +GGASTIO2#+RTLNP#; 6000 N REF1 ! 
 
PHASE A_TIO  %  2 1   1 ! 
    CONSTITUENT A_TIO  :TI : O :  ! 
 
   PARAMETER G(A_TIO,TI:O;0)              298.15 +GTI1O1#+6687.759+.9994*T;  
  6000 N REF0 ! 
 
PHASE BCC_A2  %  2 1   3 ! 
    CONSTITUENT BCC_A2  :TI% : C,O,VA% :  ! 
 
   PARAMETER G(BCC_A2,TI:C;0)    298.15 +600000+GHSERTIC#+2*GHSERCC#; 6000 
N REF2 ! 
   PARAMETER G(BCC_A2,TI:O;0)    298.15 -984174.3+559.8598*T-91.23*T*LN(T)-
.007585*T**2+840000*T**(-1); 6000 N REF0 ! 
   PARAMETER G(BCC_A2,TI:VA;0)   298.15 +GBCCTI#; 6000 N REF0 ! 
   PARAMETER G(BCC_A2,TI:C,VA;0) 298.15 -881180+45.5*T; 6000 N REF2 ! 
   PARAMETER G(BCC_A2,TI:O,VA;0) 298.15 -697161+38.155*T; 6000 N REF0 ! 
 
 PHASE GRAPHITE_A9  %  1  1.0  ! 
    CONSTITUENT GRAPHITE_A9  :C :  ! 
 
   PARAMETER G(GRAPHITE_A9,C;0)  298.15 +GHSERCC#; 6000 N REF4 ! 
 
 PHASE HALITE  %  2 1   1 ! 
    CONSTITUENT HALITE  :TI,TI+2,TI+3,VA : C,O-2,VA :  ! 
 
PARAMETER G(HALITE,TI:C;0)      298.15 +GHSERTIC#; 4000 N REF2 ! 
PARAMETER G(HALITE,TI+2:C;0)    298.15 -400000+GHSERTI#+GHSERCC#; 6000 N 
REF3 ! 
PARAMETER G(HALITE,TI+3:C;0)    298.15 -400000+GHSERTI#+GHSERCC#; 6000 N 
REF3 ! 
PARAMETER G(HALITE,VA:C;0)      298.15 +1000000+GHSERCC#; 6000 N REF3 ! 
PARAMETER G(HALITE,TI:O-2;0)    298.15 +3000-.05*T+.5*GHSERTI# 
+.5*GTIOX#; 6000 N REF1 ! 
PARAMETER G(HALITE,TI+2:O-2;0)  298.15 +GTIOX#; 6000 N REF1 ! 
PARAMETER G(HALITE,TI+3:O-2;0)  298.15 +158885.45+15.7134*T 
  +.5*GTI2O3#; 6000 N REF1 !PARA G(HALITE,VA:O-2;0) 298.15 +0; 6000 N! 
PARAMETER G(HALITE,TI:VA;0)     298.15 +GFCCTI#; 6000 N REF1 ! 
PARAMETER G(HALITE,TI+2:VA;0)   298.15 +3000-.05*T+.5*GHSERTI# +.5*GTIOX#; 
6000 N REF1 ! 
PARAMETER G(HALITE,TI+3:VA;0)   298.15 +6000-.1*T+GHSERTI#; 6000 N REF1 ! 
PARAMETER G(HALITE,VA:VA;0)     298.15 +10*T; 6000 N REF1 ! 
PARAMETER G(HALITE,TI,VA:C;0)   298.15 -1000000; 6000 N REF3 ! 
PARAMETER G(HALITE,TI:C,VA;0)   298.15 -52702-4.6*T; 4000 N REF2 ! 
PARAMETER G(HALITE,TI:C,VA;1)   298.15 -121367+31.5*T; 4000 N REF2 ! 
PARAMETER G(HALITE,TI+2,VA:C;0) 298.15 -1100000; 6000 N REF3 ! 
PARAMETER G(HALITE,TI+2:C,VA;0) 298.15 -120000; 6000 N REF3 ! 
PARAMETER G(HALITE,TI+2:C,O-2;0)298.15 -48000; 6000 N REF3 ! 
PARAMETER G(HALITE,TI+3,VA:C;0) 298.15 -1100000; 6000 N REF3 ! 
PARAMETER G(HALITE,TI+3:C,VA;0) 298.15 -120000; 6000 N REF3 ! 
PARAMETER G(HALITE,TI+3:C,O-2;0)  298.15 -200000; 6000 N REF3 ! 
PARAMETER G(HALITE,TI+3:C,O-2,VA;0) 298.15 -1000000; 6000 N REF3 ! 
PARAMETER G(HALITE,TI,TI+2:O-2;0) 298.15 -76218.3+18.1321*T; 6000 N REF1 ! 
PARAMETER G(HALITE,TI+2,VA:O-2;0) 298.15 -334896+7.3928*T; 6000 N REF1 ! 
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PARAMETER G(HALITE,TI+3,VA:O-2;0) 298.15 -474650-9.8944*T; 6000 N REF1 ! 
PARAMETER G(HALITE,TI+3:O-2,VA;0) 298.15 -438973+42.0674*T; 6000 N REF1 ! 
PARAMETER G(HALITE,TI,VA:VA;0)    298.15 +70*T; 6000 N REF1 ! 
 
 PHASE HCP_A3  %  2 1   .5 ! 
    CONSTITUENT HCP_A3  :TI% : C,O,VA :  ! 
 
   PARAMETER G(HCP_A3,TI:C;0)     298.15 -67577-8.6*T+GHSERTI#+.5*GHSERCC#; 
6000 N REF2 ! 
   PARAMETER G(HCP_A3,TI:O;0)     298.15 -277514+40.6543*T+GHSERTI# 
+.5*GHSEROO#; 6000 N REF1 ! 
   PARAMETER G(HCP_A3,TI:VA;0)    298.15 +GHSERTI#; 6000 N REF1 ! 
   PARAMETER G(HCP_A3,TI:C,O;0)   298.15 -10000; 6000 N REF0 ! 
   PARAMETER G(HCP_A3,TI:O,VA;0)  298.15 +817.9; 6000 N REF1 ! 
 
 PHASE LIQUID  %  1  1.0  ! 
    CONSTITUENT LIQUID  :C,O,TI,TIO,TIO2,TIO3/2 :  ! 
 
   PARAMETER G(LIQUID,C;0)        298.15 +100000.559+146.1*T 
  -24.3*T*LN(T)-4.723E-04*T**2+2562600*T**(-1)-2.643E+08*T**(-2) 
  +1.2E+10*T**(-3); 6000 N REF4 ! 
   PARAMETER G(LIQUID,O;0)        298.15 -2648.9+31.44*T+GHSEROO#; 6000 N 
REF4 ! 
   PARAMETER G(LIQUID,TI;0)       298.15 +GLIQTI#; 6000 N REF4 ! 
   PARAMETER G(LIQUID,TIO;0)      298.15 +77671.8-30.7*T+GTI1O1#; 3000 N 
REF1 ! 
   PARAMETER G(LIQUID,TIO2;0)     298.15 +61022.4-28.2*T+GTIO2#; 3200 N 
REF1 ! 
   PARAMETER G(LIQUID,TIO3/2;0)   298.15 +57073.7-22.8*T+.5*GTI2O3#; 3200 N 
REF1 ! 
   PARAMETER G(LIQUID,C,TI;0)     298.15 -125409-44.4*T; 6000 N REF2 ! 
   PARAMETER G(LIQUID,TI,TIO;0)   298.15 +121427.1-73.4*T; 6000 N REF1 ! 
   PARAMETER G(LIQUID,TI,TIO;1)   298.15 -77733.9+41.9*T; 6000 N REF1 ! 
   PARAMETER G(LIQUID,TIO2,TIO3/2;0) 298.15 -19200.8; 6000 N REF1 ! 
   PARAMETER G(LIQUID,TIO2,TIO3/2;1) 298.15 +100402.4-48.6*T; 6000 N REF1 ! 
 
 PHASE RUTILE  %  2 1   2 ! 
    CONSTITUENT RUTILE  :TI+4 : O-2,VA-2 :  ! 
 
   PARAMETER G(RUTILE,TI+4:O-2;0)   298.15 +GTIO2#; 4000 N REF0 ! 
   PARAMETER G(RUTILE,TI+4:VA-2;0)  298.15 +40000+GHSERTI#; 6000 N REF0 ! 
   PARAMETER G(RUTILE,TI+4:O-2,VA-2;0) 298.15 -90233.9-22.7954*T; 6000 N  
  REF0 ! 
   PARAMETER G(RUTILE,TI+4:O-2,VA-2;1) 298.15 -89395.3-15.9034*T; 6000 N  
  REF0 ! 
 
 PHASE TI10O19  %  2 10   19 ! 
    CONSTITUENT TI10O19  :TI : O :  ! 
 
   PARAMETER G(TI10O19,TI:O;0)      298.15 -9184010.72+5027.55*T 
  -795.20328*T*LN(T)-.0018836103*T**2-39646.1*LN(T)+8428269.7*T**(-1) 
  -2.8905886E+08*T**(-2); 6000 N REF0 ! 
 
 PHASE TI20O39  %  2 20   39 ! 
    CONSTITUENT TI20O39  :TI : O :  ! 
 
   PARAMETER G(TI20O39,TI:O;0)      298.15 -18950760.4+9867.90281*T 
  -1573.582*T*LN(T)-.0018830976*T**2-39647.965*LN(T)+25267204*T**(-1) 
  -9.6061736E+08*T**(-2); 6000 N REF0 ! 
 
 PHASE TI2O3  %  2 2   3 ! 
)ORULDQ5pMDVVH_7KqVHGHGRFWRUDW_8QLYHUVLWpGH/LPRJHV_GpFHPEUH 
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    CONSTITUENT TI2O3  :TI : O :  ! 
 
   PARAMETER G(TI2O3,TI:O;0)        298.15 +GTI2O3#; 6000 N REF0 ! 
 
 PHASE TI3O2  %  2 3   2 ! 
    CONSTITUENT TI3O2  :TI : O :  ! 
 
   PARAMETER G(TI3O2,TI:O;0)        298.15 -1109130.7+195.8524*T 
  +3*GHSERTI#+2*GHSEROO#; 6000 N REF0 ! 
 
 PHASE TI3O5  %  2 3   5 ! 
    CONSTITUENT TI3O5  :TI : O :  ! 
 
   PARAMETER G(TI3O5,TI:O;0)        298.15 -2493574.81-73.26557*T 
  +23.9073342*T*LN(T)-.420155188*T**2+1.34740141E-04*T**3; 450 Y 
   -2508055.23+925.801*T-158.99208*T*LN(T)-.0251*T**2; 5000 N REF0 ! 
 
 PHASE TI4O7  %  2 4   7 ! 
    CONSTITUENT TI4O7  :TI : O :  ! 
 
   PARAMETER G(TI4O7,TI:O;0)         298.15 -3322872.12+2125.25*T 
  -328.12018*T*LN(T)-.0018905269*T**2-39565.448*LN(T)-1652281.1*T**(-1) 
  +1.1239302E+08*T**(-2); 6000 N REF0 ! 
 
 PHASE TI5O9  %  2 5   9 ! 
    CONSTITUENT TI5O9  :TI : O :  ! 
 
   PARAMETER G(TI5O9,TI:O;0)         298.15 -4300008.12+2608.25*T 
  -406.01398*T*LN(T)-.0018837486*T**2-39644.622*LN(T)+8971.0933*T**(-1) 
  +46713032*T**(-2); 6000 N REF0 ! 
 
 
 PHASE TI6O11  %  2 6   11 ! 
    CONSTITUENT TI6O11  :TI : O :  ! 
 
   PARAMETER G(TI6O11,TI:O;0)        298.15 -5276828.48+3091.68*T 
  -483.85327*T*LN(T)-.001883476*T**2-39646.437*LN(T)+1692471*T**(-1) 
  -20421628*T**(-2); 6000 N REF0 ! 
 
 PHASE TI7O13  %  2 7   13 ! 
    CONSTITUENT TI7O13  :TI : O :  ! 
 
   PARAMETER G(TI7O13,TI:O;0)        298.15 -6253637.01+3575.49*T 
  -561.69079*T*LN(T)-.0018834938*T**2-39646.136*LN(T)+3376516.5*T**(-1) 
  -87588297*T**(-2); 6000 N REF0 ! 
 
 PHASE TI8O15  %  2 8   15 ! 
    CONSTITUENT TI8O15  :TI : O :  ! 
 
   PARAMETER G(TI8O15,TI:O;0)       298.15 -7230525.75+4059.52*T 
  -639.52544*T*LN(T)-.0018839308*T**2-39642.745*LN(T)+5061210.6*T**(-1) 
  -1.5478406E+08*T**(-2); 6000 N REF0 ! 
 
 PHASE TI9O17  %  2 9   17 ! 
    CONSTITUENT TI9O17  :TI : O :  ! 
 
   PARAMETER G(TI9O17,TI:O;0)       298.15 -8207343.14+4543.61*T 
  -717.36806*T*LN(T)-.0018831257*T**2-39647.955*LN(T)+6744064.3*T**(-1) 
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GX FDUERQH WXUERVWUDWLTXH D pWp pWXGLpH DILQ GH FRPSUHQGUH OHV PpFDQLVPHV UpDFWLRQQHOV GH OD
UpGXFWLRQ FDUERWKHUPLTXH &HWWH YRLH GH V\QWKqVH D pJDOHPHQW SHUPLV G¶REWHQLU GHV SKDVHV
R[\FDUEXUHVVRXVIRUPHSXOYpUXOHQWHDILQG¶pWXGLHUOHVGLIIpUHQWVGRPDLQHVGHVWDELOLWpGHVVROXWLRQV
VROLGHV HQ IRQFWLRQ GH OD WHPSpUDWXUH GH WUDLWHPHQW WKHUPLTXH /¶DMRXW G¶R[\JqQH j OD VWUXFWXUH
FULVWDOOLQHGHVFDUEXUHVPRGLILHOHFRPSRUWHPHQWGHFHVPDWpULDX[DXIULWWDJHDLQVLTXHOHXUVSURSULpWpV
PDFURVFRSLTXHV3DUFRQVpTXHQWODGpWHUPLQDWLRQGHVOLPLWHVGHVGLIIpUHQWHVVROXWLRQVVROLGHVUHTXLHUW
O¶XWLOLVDWLRQ G¶XQH PpWKRGRORJLH SUpFLVH (Q FRXSODQW OHV GLIIpUHQWHV WHFKQLTXHV GH FDUDFWpULVDWLRQ
DQDO\VH FKLPLTXH pOpPHQWDLUH '5; GRVDJH GH SKDVHV 0(7 OHV FRPSRVLWLRQV GHV SKDVHV
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PRQROLWKHVGHFDUEXUHGHWLWDQHHQFRQWDFWDYHFGXGLR[\GHGHWLWDQHDpWppWXGLpHORUVGHWUDLWHPHQWV
WKHUPLTXHV GH UHFXLW VRXV FKDUJH HQ DWPRVSKqUH FRQILQpH /¶LGHQWLILFDWLRQ GHV SKDVHV HQ pTXLOLEUH
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